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Abstract 
 
Extremely low frequency (ELF, < 300 Hz) magnetic fields (MFs) have been reported 
to modulate human cognitive performance.  However, little research has investigated MF 
exposures comparable to the highest levels experienced in some occupations.  This research 
evaluated the impact of a 60 Hz, 3 mT MF on human cognitive performance.  Ninety-nine 
participants completed the double-blind protocol performing a selection of psychometric tests 
under two consecutive MF exposure conditions (exposure vs. no exposure).  A significant 
interaction effect on a working memory test (digit span forward - F=5.21, p<0.05) revealed 
an absence of expected improvement associated with test repetition for both exposure groups 
compared to the control group.  The memory test results suggest that MF exposure may be 
able to modulate the performance improvement usually observed with practicing a task.  It is 
speculated that an ELF MFs may interfere with the neurophysiological processes responsible 
for this short-term learning effect. 
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Glossary 
 
Cognition – information processing by the brain which includes processes like attention, 
learning, memory, perception, and reasoning 
 
Electric field – region around an electric charge in which a force is exerted on another 
electric charge.  A vector field measured in Volts per metre [V/m] 
 
Electroencephalography (EEG) – the recording of brain electrical activity by placing 
electrodes on the head 
 
Frequency – the number of cycles completed in one second. Expressed in Hertz [Hz] 
 
Magnetic flux density – the density of magnetic lines of force passing through a given area. 
A vector quantity expressed in Tesla [T] 
 
Neural network – an interconnected group of neurons that perform a specific physiological 
function 
 
Non-synaptic plasticity – involves changes in the axons, cell body, and dendrites that result 
in changes to the integration of postsynaptic potentials 
 
Static field – a vector field that does not change with time 
 
Synapse – the junction between two neurons that allows for the transfer of information 
 
Synaptic plasticity – the ability of synapses to functionally and/or structurally adapt in 
response to the environment 
 
Transcranial magnetic stimulation (TMS) – a procedure which applies magnetic field pulses 
to cause induced currents in the brain and peripheral nervous system. This alters the firing of 
neurons 
 
Working memory – temporarily storing information to manipulate and execute complex 
cognitive tasks 
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Chapter 1: General Introduction 
 
 
Magnetic fields (MFs) are prevalent everywhere on the Earth’s surface and 
originate from natural and artificial sources.  The main natural source is the MF of the 
Earth itself, while human technological development has led to an increase in the 
presence of additional MFs in the Earth’s environment.  Computers, power 
distribution systems, medical equipment, and wireless communications are just a few 
examples of technologies producing MFs.  The effects of both these natural and 
artificial MFs on the population have not been completely characterized despite 
intense research efforts in that direction.  The most widespread artificial MFs are 
those generated by the production, distribution, and use of electric current, which are 
usually called power-line frequency MFs.  These power-line frequency MFs are 
typically represented as sinusoidal in shape, alternating at the power grid frequencies 
of 50 Hz in Europe and 60 Hz in North America.  In order to protect the populations 
from potential adverse effects associated with power-line frequency MFs, 
international regulation agencies such as the International Commission on Non-
Ionizing Radiation (ICNIRP) and the Institute of Electrical and Electronics Engineers 
(IEEE) are publishing regularly updated guidelines and recommendations regarding 
MF exposure levels [ICNIRP, 2010; IEEE, 2002].  However, as explicitly stated by 
these agencies, the scientific literature still needs to be further enriched with new 
experimental results to further support the recommendations. In 1996 the World 
Health Organisation (WHO) initiated the continuing international ElectroMagnetic 
Field (EMF) project, which promotes research on the impact of EMF exposure on 
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biological systems [WHO, 2006]. One aspect of the required research is related to the 
potential impact of the environmental power-line frequency MF on human brain 
function, and more specifically on human cognitive processes.  In order to advance 
knowledge in the field, this thesis presents a study of the effects of North American 
power-line frequency MFs on human cognitive function. 
Magnetic fields are intrinsically coupled with electric fields, and this coupling is 
entirely described by Maxwell’s equations, a system of four equations constituting 
one of the most important foundations of physics.  More precisely, a MF relates to the 
force exerted by moving electric charges (i.e., currents) or the magnetic moment of 
atoms (e.g., permanent magnets) in a given region of space, on moving electrical 
charges (as described by Lorentz’s law).  Similarly, an electric field relates to the 
force exerted on any charged particle in a region of space where a gradient of 
electrical potential is present, e.g. in the vicinity of an electrically charged particle (as 
described by Maxwell’s equations).  When a time-varying MF is near a conductor, an 
electric field is induced from Maxwell-Faraday law of induction, creating a 
displacement of electric charges, i.e. an electric current.  
Magnetic fields can be described using a three-dimensional vector field, and 
therefore at each point in space the MF is characterized by its magnitude (norm of the 
MF vector at this point), direction (vector sum of the MF spatial components) and 
oscillation frequency.  As described by Maxwell’s equations, an electric current 
induces a MF with a flux density proportional to the current’s intensity, with the MF 
forming concentric “loops” around the electric current.  Notably, the MF flux density 
decreases quickly with distance from the electric current.  The electric current 
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frequency determines the type of MF produced: a constant current, or direct current 
(DC), will produce a MF with a constant magnitude and direction over time, as 
described by the Biot-Savart law.  However, a static MF does not induce electric 
currents in nearby conductors.  Conversely, a time-varying or alternating current (AC, 
with non-zero frequency) will induce a time-varying MF at the same frequency, and 
can induce electric currents in biological systems. 
Human-made MFs are commonly classified in four ranges: static (0 Hz); 
extremely low frequency (ELF, < 300 Hz); intermediate frequency (300 Hz – 10 
MHz), and radiofrequency (10 MHz – 300 GHz).  For example, static MFs are 
produced by the main magnet of magnetic resonance imaging (MRI) scanners and a 
variety of industrial processes.  Among the different classes of time-varying MFs, 
ELF MF exposure is very widespread because of the dependence on electric power.  
Humans are constantly near appliances, electrical wiring (residential, commercial, 
and industrial), and electric power distribution and transmission lines.  Since ELF 
MFs are so prevalent in our environment, this poses the question: do these MFs 
interact with humans by inducing internal currents, and if yes, what are the 
consequences? 
Extremely low frequency MF exposure is classically quantified by magnetic flux 
density, expressed in Tesla [T].  The earth’s natural MF, mostly static, normally 
varies in the range of 35 – 70 µT [WHO, 2006], while the regular environmental 
exposure to ELF MF is approximately 0.1 µT [ICNIRP, 2010].  To give perspective, 
a typical clinical MRI scanner generates a static MF of 3T.  Unlike electric fields, 
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MFs are not easily blocked by any common materials unless they have high magnetic 
permeability (e.g. mu-metal). 
Scientists have studied the major human biological systems, searching for 
evidence of ELF MF-induced effects. A wide range of research has focused on human 
interaction with ELF MFs in areas such as cancer [IARC, 2002], cardiovascular 
[McNamee et al., 2009], neurobehavioural (cognitive, nervous system, synaptic 
activity, nerve stimulation, EEG) [Cook et al., 2002; Crasson, 2003], neuroendocrine 
[AGNIR, 2006], neurodegenerative [Savitz et al., 1998a; Savitz et al., 1998b], and 
reproduction and development [Juutilainen, 2003; McKinlay et al., 2004].  
International organizations have issued suggested restrictions regarding MF exposure 
for the general public and workers [ICNIRP, 2010; IEEE, 2002].  The two main 
agencies publishing recommendations for safe 60 Hz MF limits are the ICNIRP and 
IEEE.  The recommendations are called basic restrictions, which are defined as 
induced electric field values (in units of mV/m) within the human body that should 
not be exceeded.  Basic restrictions are based on short-term immediate biological 
(IEEE) and health (ICNIRP) effects. An adverse health effect is defined as detectable 
impairment of human health in an individual or their offspring, while a biological 
effect is a measurable response to an environmental change or stimuli.  It should be 
noted that the presence of a biological effect does not necessarily produce a health 
effect since the human body has regulatory mechanisms that cope with environmental 
changes.  However, it is possible that irreversible changes that put stress on the body 
for prolonged periods of time may pose a health hazard. 
5 
 
 
The ICNIRP 60 Hz basic restriction for central nervous system tissue of the head 
in terms of induced electric field is 120 mV/m for workers and 24 mV/m for the 
general public.  All other tissues of the body have a basic restriction of 800 mV/m 
(occupational) and 400 mV/m (general public) induced electric fields.  The basis for 
IEEE’s basic restriction in brain tissue is an effect threshold where electric fields 
would potentially alter synaptic activity (e.g. by modulating presynaptic membrane 
potential).  The basic restriction for people in controlled environments is 53.1 mV/m 
and for members of the general public is 17.7 mV/m.  The IEEE basic restriction is 
more conservative than ICNIRP’s because it is based on an observed biological effect 
rather than health effects.  Both agencies guidelines have similar objectives and the 
restrictions are to prevent against changes to central nervous system function.  From 
the basic restrictions, expressed in terms of induced electric fields, ICNIRP and IEEE 
have calculated maximum permissible exposure levels in terms of magnetic flux 
density.  These levels are based on dosimetric estimates, to which both uncertainty 
and safety factors are applied [ICNIRP, 2010; IEEE, 2002].  For IEEE, the maximum 
permissible magnetic flux density at 60 Hz is 904 μT for the general public and 2.71 
mT for a controlled environment [IEEE, 2002].  Still at 60 Hz, the ICNIRP guidelines 
recommend reference levels at 200 μT for the general public and of 1 mT for 
occupational exposures [ICNIRP, 2010]. 
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Chapter 2: Research Article 
 
Human Cognitive Performance in a 3 mT 
Power-Line Frequency Magnetic Field 
Environment  
 
Note: this chapter is adapted from an article published in the peer-reviewed journal 
Bioelectromagnetics. Prior permission is not required for an author to reuse work in a 
new publication (with acknowledgement) where they are an author.  
 
Authors: Michael Corbacio, Samantha Brown, Stephanie Dubois, Daniel Goulet, 
Frank S. Prato, Alex W. Thomas, and Alexandre Legros.
 
 
1. Introduction 
 
 Scientific literature shows evidence of biological and functional effects in 
humans exposed to ELF; however, no widely accepted mechanisms have been 
identified [Cook et al., 1992; Cook et al., 2002; Crasson, 2003].  It is almost 
impossible to escape the presence of ELF MFs in modern society.  There are sources 
of naturally occurring ELF MFs present on earth.  The prevalence of ELF MFs in the 
environment is mainly from the use, distribution, and production of electric power.  
The WHO reports the mean exposure in a European or North American home is less 
than 0.11 µT, and exposures can reach up to 400 µT near certain appliances [WHO, 
2007].  Occupations such as power-line workers, welders, or electricians experience 
average exposures greater than 3 µT [WHO, 2007].  Occupational exposures can 
reach up to 10 mT when working in close proximity to conductors carrying high 
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currents [WHO, 2007].  The ICNIRP and the IEEE have set guidelines for 
recommended maximum exposure levels Various human biological systems have 
been examined searching for indications of an interaction with MFs and specific 
effects which have been reported on the cardiovascular, musculoskeletal, and central 
nervous systems.  For instance, exposure to ELF MFs has been found to alter heart 
rate and heart rate variability (indicative of an effect on heart rate control 
mechanisms) [Sait et al., 1999].  Electroencephalography (EEG) studies have found 
ELF MFs increase brain electrical activity in the alpha (8 – 13 Hz) wave range [Cook 
et al., 2002].  Studies have also found human cognitive functions (attention and 
memory) are sensitive to MF exposure [Preece et al., 1998; Trimmel and Schweiger, 
1998].  These findings are of interest to workers operating in environments with 
higher ELF MF levels than the general population (>500 µT for brief periods): Does 
their environment increase the probability of cognitive error?  
 Human MF studies examining cognitive function have evaluated performance 
on a selection of psychometric tests in different power-line frequency MF 
environments (45 – 60 Hz; 20 µT – 1.26 mT).  Typically, each test involves the 
measurement of a specific cognitive function such as working memory, perceptual 
reasoning, mental processing, long-term memory, or visuo-motor coordination.  
These functions are predominantly processed in the frontal lobes of the cortex [Cohen 
et al., 1996; Carpenter et al., 1999; MacLeod and MacDonald, 2000; Owen, 2000].  
The performance of these cognitive functions is usually evaluated in terms of 
accuracy (correctness of response) and timing (speed of completion).  Past results 
show that an ELF MF typically affects the accuracy and rarely the timing of a 
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performed task [Preece et al., 1998].  Moreover, tasks with higher levels of difficulty 
seem to be more affected by the MF exposure.  For example, Cook et al. [1992] 
observed a MF-induced effect illustrated by fewer errors with the choice reaction time 
task than with the simple reaction time task.  The choice reaction time task [Cook et 
al., 1992] was more challenging because the participant had to decide which of three 
buttons to press for a specific stimulus while the participant only pushed a single 
button with the presentation of a stimulus for the simple reaction time task.  Work 
conducted by Whittington et al. [1996] found that on the most difficult level of the 
visual duration discrimination task, performance was impaired during MF exposure.  
It should be noted that this study set α = 0.15 to compensate for the low statistical 
power.  A later study by the same group at Massey University (Palmerston North, 
New Zealand) observed an improvement in accuracy on the most difficult level of the 
visual duration discrimination task with the presence of the MF [Kazantzis et al., 
1998].  Again the alpha level was relaxed (α = 0.30) to improve the statistical power.  
Both studies employed a 50 Hz, 100 µT MF with an exposure duration less than 10 
minutes.  The Massey University group’s most recent paper on ELF MF exposure and 
cognitive function indicates improvement in memory recognition after exposure but 
no change on the visual duration discrimination task [Podd et al., 2002].  This 
highlights another issue, which has hampered ELF MF research – the inconsistency 
of replication. 
 A review article published by Crasson et al. [2003] listed several possible 
reasons for the difficulty to reproduce results between and within laboratories.  This 
includes differences in MF parameters such as exposure duration, field strength, 
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frequency, interaction with the geomagnetic field, intermittent vs. continuous 
exposure, order and time of day of exposure, orientation, polarity, waveform, and 
whole-body vs. cephalic exposure.  In addition, other differences found were studies 
with a low level of statistical power; inter-individual and inter-group differences; and 
variability in methodology, functional state of nervous system, measurement 
parameters, and task difficulty.  Given the inconsistent findings of work in this field, 
an Austrian group [Barth et al., 2010] has performed a meta-analysis on nine studies.  
Significant effects were found with the visual duration discrimination task at the 
hardest level (exposed individuals showing better performance) and at the 
intermediate level (exposed individuals showing poorer performance).  Barth et al. 
[2010] suggest treating the results with extreme caution due to the small number of 
studies per measurement parameter.  
 The most recent studies using sinusoidal 50 Hz MF (at 20, 100, or 400 µT) 
found no effects on working memory [Delhez et al., 2004; Nevelsteen et al., 2007], 
cognitive flexibility [Delhez et al., 2004; Nevelsteen et al., 2007], selective and 
sustained attention tasks [Delhez et al., 2004; Crasson and Legros, 2005; Nevelsteen 
et al., 2007], reaction time [Kurokawa et al., 2003; Delhez et al., 2004; Crasson and 
Legros, 2005], or time perception [Kurokawa et al., 2003; Delhez et al., 2004; 
Crasson and Legros, 2005].  However, a consistent effect appears to exist when the 
50 Hz exposure level is greater than 500 µT.  Two studies show a reduction in 
cognitive performance on tests examining attention, perception, and memory.  Preece 
et al. [1998] found that numerical working memory, delayed word recognition, and 
the choice reaction time accuracy all declined with exposure to a 50 Hz, 600 µT MF.  
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There was no effect observed concerning speed in any of the tasks.  At an even 
greater magnetic flux density (50 Hz, 1 mT) Trimmel and Schweiger [1998] found a 
reduction of performance on the amount of visual attention, precision of visual 
processing, speed and precision of perception, and verbal memory in humans.  
 Higher MF exposure levels appear to be more effective at inducing a response 
in humans.  Increasing the level of MF exposure at a fixed frequency will lead to 
higher induced fields and currents in exposed tissue, which are more likely to result in 
functional outcomes [ICNIRP, 2009].  A previous project from our group reported 
that a 60 Hz MF at 1.8 mT could modulate human standing balance control and 
physiological tremor [Legros et al., 2010], and brain activation patterns associated 
with a simple finger-tapping task [Legros et al., 2010, Legros et al., 2011].   
 The objective of the current research is to determine if exposure to a 60 Hz, 3 
mT MF induces changes in cognitive performance (both correctness of response and 
speed of completion).  Based on the literature reviewed, we hypothesize that exposure 
to 60 Hz, 3 mT MF will decrease the accuracy in test performance but will not affect 
the time participants take to carry out the task. 
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2. Methods and Materials 
 
2.1 Participants 
 Ninety-nine self-reported healthy volunteers (60 female, 39 male) participated 
in the study with a mean age of 23.5 years (range 18 – 49 years).  The participants 
were recruited from the hospital and university community via poster advertisements.  
The University of Western Ontario Health Science Research Ethics Board approved 
the study (# 13460, Appendix A) and all participants provided written informed 
consent (Appendix B).  Exclusion criteria for participants in the study included:  use 
of a hearing aid system; history of an epileptic seizure, or head or eye injury 
involving metal fragments; implanted electrical device (such as a cardiac or cerebral 
pacemaker) or intrauterine device; a limitation of movement; metal braces on teeth or 
any permanent piercing; female participants who thought they may be pregnant or 
were actually pregnant; regular recreational drug use; and suffering from chronic 
illness (e.g., diabetes, a psychiatric condition, or severe cardiovascular problems 
including susceptibility to arrhythmias or neurological diseases).  Moreover, 
participants were asked to not smoke or consume caffeine or alcohol in the 12 hours 
preceding their participation in the study. 
2.2 Exposure Apparatus 
 The sinusoidal 60 Hz field was generated by two octagonal Helmholtz-like 
coils 1.6 m wide and spaced 1.2 m apart (actual Helmholtz coils would be separated 
by half of their diameter, i.e. 0.8 m) positioned parallel to one another (illustrated in 
Figure 1).   
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Figure 1: MF Exposure Apparatus. 
A participant performing one of the psychometric tests while seated between the two Helmholtz-
like coils with the experimenter is seated across from her. 
 
Each coil consisted of 158 turns of 10-gauge copper wire and was encased 
within plastic.  Each encased coil was elevated 80 cm from the ground and held in 
position with a plastic frame.  Non-electrically conductive high temperature coolant 
tubing bordered the coils within the casing.  The tubing was connected to two 
refrigeration units (Polyscience, Niles, IL, USA) which circulated an ethylene-glycol 
and water mixture to cool the coils.  During the real exposure condition an electric 
current passed through the coils, which generated the 60 Hz, 3 mT (root mean square) 
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MF (oriented ear-to-ear).  The field was centered at the region of the participants’ 
head and homogeneous within ± 5% for a 38 cm x 38 cm x 35 cm volume (Figure 2).  
 
Figure 2: MF Maps. 
(A) The MF intensity in space around the two coils.  The contour lines represent a 5% change of 
intensity.  The middle region is 3000 µT. (B) The MF intensity in the sagittal plane. (C) The MF 
intensity of the axial plane.  Actual measured field values given in Table 1. 
 
Table 1.  The actual measured values of the MF in various locations in space 
 Y-axis (Figure 2B) Z-axis (Figure 2C) 
-0.2 m 0.0 m 0.2 m -0.2 m 0.0 m 0.2 m 
X-axis 
0.2 m 
I 
3037 µT 
II 
2918 µT 
III 
3016 µT 
X 
2797 µT 
XI 
2894 µT 
XII 
2795 µT 
0.0 m 
IV 
3086 µT 
V 
2993 µT 
VI 
3090 µT 
II 
2918 µT 
V 
2993 µT 
VIII 
2894 µT 
-0.2 m 
VII 
3037 µT 
VIII 
2894 µT 
IX 
3067 µT 
XIII 
2817 µT 
XIV 
2877 µT 
XV 
2794 µT 
 
The field strength was checked before each participant’s experimental session to 
ensure it was properly calibrated.  Each participant sat on a comfortable elevated 
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chair located between the coils.  A wooden table on a sliding track was positioned in 
front of the participant to carry out the testing.  The experimenter sat across from the 
participant on the other side of the table (Figure 1).  The participant was fitted with 
ear plugs for the duration of both the baseline and experimental sessions.  This made 
sure that the presence of the MF was not audible.  Background vibration noise was 
recorded with a seismic accelerometer (Model 393A03, PCB Piezotronics, Depew, 
NY, USA) between the coils.  The background vibration was 1.80 x 10
-2
 m/s
2
, with 
the MF off, compared to 2.08 x 10
-2
 m/s
2
 (±4.9 9 10-5 m/s
2
) when the MF was on.  
This difference is well below reported values for human linear acceleration detection 
thresholds [Kingma, 2005].  Thus it is highly unlikely a participant would be aware of 
vibrations as a result of the field generation. 
 
2.3 Experimental Procedure 
Participants attended two sessions which were at least one day apart and 
started at the same time of day.  The first session was a baseline session that lasted 
approximately 2.5 hours.  During this session the participant completed the Oldfield 
Handedness Questionnaire [Oldfield, 1971], Beck Anxiety Inventory (BAI) [Beck 
and Steer, 1993], Beck Depression Inventory-II (BDI-II) [Beck et al., 1996], and the 
Wechsler Adult Intelligence Scale-III (WAIS-III) [Wechsler, 1997].  These are 
validated tests designed to evaluate the participants’ handedness, as well as their 
levels of anxiety, depression, and intelligence. All tests were administered by a 
trained experimenter under the supervision of a clinical psychologist.  If a participant 
endorsed a depression score (on the BDI-II) with indication toward suicidal ideation, 
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protocol by the psychologist was put in place to intervene with the participant 
clinically and assist him or her in obtaining immediate medical attention (Appendix 
C).  In addition, the Trail Making Tests A and B (TMTA and TMTB), Stroop, mental 
rotation (MR), and Fitts’ Motor Task (FMT) were introduced in this session. The MF 
exposure was never generated during this session.  Data collected from the BAI, BDI-
II and WAIS-III were used to confirm that the groups were homogeneous in terms of 
a psychological profile.  The entire set of experimental psychometric tests was given 
during this session so the participant was familiar with them for the experimental 
session.  The second session (i.e. the experimental session) lasted 2.5 hours and 
consisted of a counterbalanced double blind computer driven protocol (LabVIEW 8.5, 
National Instruments, Austin, TX, USA) which included two testing blocks (referred 
to as B1 and B2, respectively) each preceded by a 30-minute rest period.  Prior to 
beginning session 2 the participant was randomly assigned to one of three 
experimental groups which determined the order and presence of the MF exposure 
conditions (Figure 3): Group 1 (sham/sham), Group 2 (real/sham), and Group 3 
(sham/real).  During a testing block, the participant completed the following subtests 
in order: 
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Figure 3: MF Exposure Groups. 
The three MF exposure conditions. Group 1 (G1): sham / sham; Group 2 (G2): real / sham; 
Group 3 (G3): sham / real.  The broken line indicates the presence of the MF (on or off).  B1 is 
the first test block and B2 is the second test block. 
 
Digit Symbol Coding (DSC), Block Design (BD), Arithmetic (AR), Digit Span 
Forward (DSF), Digit Span Backward (DSB), TMTA, TMTB, Stroop, MR, and FMT.  
At the conclusion of each test block, the participant completed the field status 
questionnaire to determine awareness of the MF exposure [Cook et al., 1992]. 
Experimental Protocol Software  
 The experimental timeline during session 2 was controlled using custom-built 
software programmed with LabVIEW.  Prior to starting the first rest period, the 
experimenter would open the software.  First, the participant’s randomly assigned 
number would be entered into the computer program followed by whether it was the 
first or second rest period.  The software would use this information to determine 
what the exposure condition would be (real exposure or sham exposure).  Using a 
randomly assigned number to determine the exposure condition kept the experimenter 
blind to the exposure condition.  Once the participant is ready to begin, the 
experimenter clicks a button to begin the rest period.  The software would begin a 30-
minute countdown displayed on the LCD monitor.  During a real exposure condition 
the software sent out a signal to activate the MF coils at the beginning of the first rest 
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period.  In a sham exposure condition no signal is sent.  When the computer program 
indicated the rest period was over the experimenter would start the test block.  During 
the test block the Stroop, mental rotation, and Fitts’ motor task would be completed 
using the experimental protocol software.  The LabVIEW block diagram of the 
experimental protocol software is given in Appendix E. 
2.4 Measures 
 The performance of participants in each test was quantified during the 
different MF exposure conditions. The pencil and paper tests selected from the 
WAIS-III (DSC, BD, AR, DSF, and DSB) were modified from the original subtests 
of the WAIS-III to minimize the practice effects and fit the time constraints.  The full 
WAIS-III was administered in the baseline session to establish the IQ score for each 
participant.  Two alternate forms of the subtests were used to reduce the practice 
effects from same-day repeated measures testing.  The detailed description and the 
characteristics of the tests used in this protocol are listed below. 
 
Pencil and Paper Tests 
 
2.4.1 Digit Symbol Coding 
 
 The DSC is a subtest that measures processing speed and visual motor 
coordination.  Participants are presented with a page containing a key where the digits 
1 through 9 are matched with a specific symbol. Below this are 133 digits with a 
blank space beneath each one.  Each participant must copy the correct symbol into the 
blank spaces one after the other (without skipping any) as quickly and accurately as 
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possible within a 90-second period.  The score on the test is the number of squares 
filled in correctly [Wechsler, 1997]. 
2.4.2 Block Design 
 
 Participants are presented with designs and must use blocks (either four or 
nine depending on design) with red and white markings to recreate these patterns.  
The answers are marked for correctness and speed of response which will yield a 
score on the test [Wechsler, 1997].  Perceptual reasoning (spatial perception, visual 
abstract processing, and problem solving) and processing speed are associated with 
BD. 
2.4.3 Arithmetic 
 
Participants listen to arithmetic questions, which are presented with increasing 
difficulty, and solve them mentally (without the aid of pen, paper, or calculator). The 
number of correct answers within the allowable time frame produces the score 
[Wechsler, 1997].  Performance on this test reflects on the participants’ working 
memory and numerical reasoning. 
2.4.4 Digit Span Forward 
 
The experimenter reads a sequence of digits to the participant who must repeat 
them back in the same order.  After every second sequence the length increases by 
one.  The parameter measured is the number of successfully repeated sequences 
which are given as a score out of 16. This test evaluates working memory [Shum et 
al., 1990; Wechsler, 1997]. 
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2.4.5 Digit Span Backward 
 
This is similar to the DSF however after the experimenter reads a sequence of 
digits the participant must repeat them back in reverse order. The length of the 
sequence increases by one digit after every second trial sequence.  The score is the 
number of successfully repeated sequences to a maximum of 14.  Like the DSF, this 
test evaluates working memory [Shum et al., 1990; Wechsler, 1997].  The DSB is 
considered more demanding than the DSF. 
2.4.6 Trail Making Test A 
 
In the TMTA participants are presented with a sheet of paper containing the 
numbers from 1 to 25 scattered about the page.  Keeping their pencil on the paper 
each participant must trace the numbers in ascending order, as quickly and accurately 
as possible.  The score is based on the time it takes to complete connecting the 
numbers 1 to 25.  The test measures visual scanning, visual-motor coordination, and 
processing speed [Schear and Sato, 1989; Shum et al., 1990; Drane et al., 2002]. 
2.4.7 Trail Making Test B 
 
For the TMTB participants are presented with another paper which contains 
the numbers 1-12 and the letters A-L scattered on the page.  Keeping their pencil on 
the paper participants must trace the numbers followed by the letters in the pattern, 
“1-A-2-B-3-C-…-12-L”.  This is to be done as quickly and accurately as possible.  
Like TMTA, the score is based on the time necessary to complete the trial.  The test 
measures visual scanning, visual-motor coordination, processing speed, and 
cognitive-set-shifting [Schear and Sato, 1989; Shum et al., 1990; LoSasso et al., 
1998; Drane et al., 2002]. 
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Computer Interface Tests 
 
 The tests completed using a computer interface (Stroop, mental rotation, and 
Fitts’ motor task) were programmed using LabVIEW software.  Each test was written 
as a program which would be run by the experimental protocol software when 
requested by the experimenter. 
2.4.8 Stroop 
 
To perform the Stroop test each participant interacts with custom designed 
software.  On an LCD monitor, the participant is presented with a word printed in an 
ink colour that is incongruent with the meaning of the word itself.  Beneath the area 
where the word is presented are five buttons forming a pentagon (with a button at 
each of the five vertices).  Each button has a colour written on it (Blue, Brown, 
Green, Red, and Yellow) in black ink. The participant must use an optical mouse to 
move the cursor and click the button corresponding to the colour of ink the presented 
word is printed in and not what the word is.  This is to be done as quickly and 
accurately as possible.  After each response, the mouse cursor is automatically moved 
to the center of the buttons on the screen.  The percentage of correct responses and 
the mean time of responses are measured.  This test examines processing speed, 
selective attention, and concentration performance [Stroop, 1935]. 
2.4.9 Mental Rotation 
 
On the LCD monitor the participant is presented with two images of 3D 
geometric objects simultaneously.  The participant must determine whether these are 
images of the same objects only rotated or if they are different (mirrored) objects.  
Like in the Stroop test, the participant uses an optical mouse; to respond by either 
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pressing a button (located beneath the display images) labelled “SAME” or 
“DIFFERENT”.  This is to be done as quickly and accurately as possible.  After each 
click of the mouse, the cursor is returned to the starting position between the two 
response buttons on the screen.  The percentage of correct responses and the mean 
time of responses are measured.  This test evaluates perceptual reasoning (spatial 
perception and manipulation performance) and processing speed. The image pairs 
used in this test were taken from the original work of Shepard and Metzler [1971].   
2.4.10 Fitts’ Motor Task 
 
The FMT requires the participant to move a stylus back and forth between two 
targets as quickly and accurately as possible.  The stylus position is recorded with a 
Liberty 3-D tracking system (Polhemus, Colchester, VT, USA).  The displacement 
from target 1 (the target closest to the dominant hand of the participant) and target 2, 
the mean time to move between targets, and the constant of proportionality are the 
analyzed parameters.  The constant of proportionality (k) is calculated 
 k = t / log (2A/W),  
where t is the transit time to the target, A is the distance between the two target 
centers, and W is the mean displacement of the stylus tip from the target [Beuter et 
al., 1999]. The targets were spaced 0.30 m apart and were 0.005 m wide. The index of 
difficulty (Id) is defined as,  
Id = - log2(Ws / 2A) bits/response,  
where Ws is the width of the target and A is the distance between targets [Fitts, 1954].  
In this study the Id = 6.90 bits/response.  In Fitts’ [1954] original work the highest 
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index of difficulty for the tapping task was 7 bits/response.  This task is an indicator 
of processing speed and motor coordination. 
2.5 Data Analysis 
 Statistics were performed using Predictive Analytics SoftWare (PASW 18.0, 
IBM, Somers, NY, USA).  The data collected during the baseline session with the 
BAI, BDI-II, and WAIS-III were analyzed with a one-way ANOVA testing for the 
group effect (to ensure the homogeneity of the three experimental groups).  Each 
performance index collected in the experimental session was analyzed with a 3 
(Group – between subjects factor) x 2 (Blocks – repeated measure) mixed-model 
ANOVA.  The F-ratio (F), p-value (p), and partial eta squared (ηp
2
) for each 
performance index is reported.  The ηp
2
 (also called estimated effect size) is the 
proportion of variance attributable to the effect.   
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3. Results 
3.1 Homogeneity of Groups 
The one-way ANOVA was conducted to demonstrate that there were no 
differences among the three groups in terms of anxiety, depression, and intelligence.  
As expected, in the baseline session there were no significant differences between the 
three groups (Table 2) for scores on the BAI (F = 0.16, p > 0.05), BDI-II (F = 0.64, p 
> 0.05), and WAIS-III (F = 0.32, p > 0.05).  All groups scored the same on levels of 
anxiety (none to minimal), depression (none to minimal), and intelligence (above 
average). 
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Table 2.  Baseline Scores Baseline Scores for BAI, BDI-II, and WAIS-III Presented 
as the Mean ± Standard Error of the Mean 
 
Group (#Male/#Female) Mean Age BAI BDI-II WAIS-III  
Group 1 (14/19) 23.2 ± 7.0 4.2 ± 0.8 4.2 ± 0.8 111 ± 1.7 
Group 2 (14/19) 23.7 ± 5.1 4.4 ± 1.0 5.4 ± 0.9 110 ± 2.0 
Group 3 (11/22) 23.6 ± 6.8 3.7 ± 0.6 4.6 ± 0.7 110 ± 1.8    
 
3.2 Field Status Questionnaire 
The Chi
2
 analysis ran on participants responses to the field status 
questionnaire (given at the end of each experimental block) revealed participants were 
not able to judge the presence of the MF at better than chance levels (54.1% correct; 
2= 1.49, df 1, p > 0.05, Yates correction applied).  Participants did not accurately 
report that they were able to hear or “feel” the MF. 
3.3 Main Analysis 
The 3 (Group) x 2 (Blocks) ANOVA was conducted on each performance 
index in order to test for differences between Groups (Table 3) and/or Blocks (Table 
4), as well as any interaction between the Group and Block factors (Table 5). Results 
did not show any significant group effects for any of the psychometric measures 
(Table 3).  The performance on the tests, averaged over both blocks in the 
experimental session, is not considered different for all three groups.   
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Table 3a.  The Block 1 and Block 2 averaged values for Each Group ± Standard Error 
of the Mean and Group Effect Statistics 
 Group Mean Values 
Measurement Parameter Group 1 Group 2 Group 3 
Digit Symbol Coding    
- Score 63.47 ± 1.87 60.13 ± 2.05 61.46 ± 2.02 
Block Design    
- Score 51.86 ± 1.09 51.10 ± 1.44 52.43 ± 0.83 
Arithmetic    
- Score 8.12 ± 0.30 7.68 ± 0.33 8.24 ± 0.28 
Digit Span Forward    
- Score 11.88 ± 0.44 11.63 ± 0.40 11.93 ± 0.41 
Digit Span Backward    
- Score 8.48 ± 0.46 8.21 ± 0.39 8.68 ± 0.41 
Trail Making Part A    
- Time [s] 23.59 ± 1.25 22.44 ± 1.25 25.15 ± 1.24 
Trail Making Part B    
- Time [s] 43.33 ± 3.37 45.56 ± 3.59  43.55 ± 2.19 
Stroop    
- Percent Accuracy 98.03 ± 0.37 98.87 ± 0.23 98.41 ± 0.33 
- Response Time [s] 1.41 ± 0.03 1.43 ± 0.05 1.40 ± 0.03 
Mental Rotation    
- Percent Accuracy 84.52 ± 2.5 83.51 ± 2.14 81.31 ± 2.52 
- Response Time [s] 5.77 ± 0.35 6.58 ± 0.40 5.70 ± 0.37 
Fitts’ Motor Task    
- Displacement Target 1 [cm] 0.45 ± 0.03 0.53 ± 0.05 0.56 ± 0.07 
- Displacement Target 2 [cm] 0.35 ± 0.03 0.41 ± 0.03 0.50 ± 0.12 
- Movement Time [s] 0.67 ± 0.03 0.63 ± 0.03 0.64 ± 0.03 
- Constant of Proportionality 0.25 ± 0.01 0.25 ± 0.01 0.25 ± 0.01 
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Table 3b.  The Block 1 and Block 2 averaged values for Each Group and Group 
Effect Statistics 
 Statistical Values 
Measurement Parameter F p ηp
2
 
Digit Symbol Coding    
- Score 0.74 0.48 0.02 
Block Design    
- Score 0.18 0.84 0.00 
Arithmetic    
- Score 1.68 0.19 0.03 
Digit Span Forward    
- Score 0.22 0.80 0.01 
Digit Span Backward    
- Score 0.48 0.62 0.01 
Trail Making Part A    
- Time [s] 0.26 0.78 0.01 
Trail Making Part B    
- Time [s] 0.93 0.40 0.02 
Stroop    
- Percent Accuracy 1.77 0.18 0.04 
- Response Time [s] 0.45 0.64 0.01 
Mental Rotation    
- Percent Accuracy 0.56 0.57 0.01 
- Response Time [s] 1.52 0.22 0.03 
Fitts’ Motor Task    
- Displacement Target 1 [cm] 1.39 0.25 0.03 
- Displacement Target 2 [cm] 1.15 0.32 0.02 
- Movement Time [s] 0.52 0.60 0.01 
- Constant of Proportionality 0.18 0.83 0.00 
 
However, a significant block effect was found for several performance indexes (Table 
4).  The scores on the DSC, BD, DSF, DSB, Stroop percent of correct responses 
(accuracy), and the mean displacement from target 2 on the FMT were increased in 
Block 2 as compared to Block 1. The performance, in terms of completion time 
(score) and accuracy, improved with repetition of these tests.  In contrast, the mean 
completion time of the TMTA, Stroop, MR, and FMT, as well as, the constant of 
proportionality on the FMT were decreased in Block 2 as compared to Block 1.  The 
time necessary to complete tasks is reduced after repetition during the experimental 
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session.  The AR score, TMTB time, MR percent of correct responses (accuracy), and 
the mean displacement from target 1 on the FMT did not differ between Block 1 and 
Block 2.  Overall, participant performance did not change as these tests were 
repeated. 
Table 4.  Performance indexes averaged across the 3 Groups for Block 1 and Block 2 
± Standard Error of the Mean.  The Mean Comparison Across All Groups of Block 1 
and Block 2 for All Measurement Parameters 
 
Measurement Parameter Block 1 Block 2 F p ηp
2
 
Digit Symbol Coding       
- Score 60.29 ± 1.15 63.05 ± 1.13 19.90 0.00* 0.17 
Block Design       
- Score 50.50 ± 0.72 53.09 ± 0.60 38.87 0.00* 0.29 
Arithmetic       
- Score 7.85 ± 0.19 8.17 ± 0.16 3.91 0.06 0.04 
Digit Span Forward       
- Score 11.62 ± 0.24 12.00 ± 0.25 4.53 0.04* 0.05 
Digit Span Backward       
- Score 8.14 ± 0.22 8.74 ± 0.26 8.46 0.01* 0.08 
Trail Making Part A      
- Time [s] 24.32 ± 0.74 21.39 ± 0.66 24.29 0.00* 0.20 
Trail Making Part B       
- Time [s] 45.65 ± 2.06 42.66 ± 1.53 4.40 0.09 0.40 
Stroop      
- Percent Accuracy 97.94 ± 0.90 98.13 ± 0.27 6.34 0.01* 0.06 
- Response Time [s] 1.48 ± 0.02 1.37 ± 0.02 32.54 0.00* 0.25 
Mental Rotation      
- Percent Accuracy 82.21 ± 1.49 84.06 ± 0.06 2.35 0.13 0.02 
- Response Time [s] 6.55 ± 0.26 5.49 ± 0.18 39.59 0.00* 0.29 
Fitts’ Motor Task      
- Displacement Target 1 [cm] 0.52 ± 0.04 0.52 ± 0.03 0.03 0.86 0.00 
- Displacement Target 2 [cm] 0.40 ± 0.04 0.44 ± 0.04 15.11 0.00* 0.14 
- Movement Time [s] 0.66 ± 0.02 0.62 ± 0.02 42.77 0.00* 0.31 
- Constant of Proportionality 0.26 ± 0.01 0.25 ± 0.01 22.14 0.00* 0.19 
 
* Denotes a significant result at p < .05 
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 Interestingly, results pointed towards a significant interaction for the DSF test 
(F = 5.21, p < 0.05, Table 5).  In Group 1 (control group, no applied MF) the score in 
Block 2 was greater than Block 1 but in Group 2 and Group 3 (exposure groups) the 
scores for Block 1 and Block 2 were not different (Figure 4).  This indicates an 
improvement in the number of digits remembered with no MF exposure and no 
improvement when the MF is present in either experimental block. 
Table 5.  The Interaction Effect Statistics of All Measurement Parameters 
Measurement Parameter F p ηp
2
 
Digit Symbol Coding     
- Score 0.56 0.58 0.01 
Block Design     
- Score 0.67 0.51 0.01 
Arithmetic     
- Score 1.34 0.27 0.03 
Digit Span Forward     
- Score 5.21 0.01* 0.10 
Digit Span Backward     
- Score 2.12 0.13 0.04 
Trail Making Part A     
-Time [s] 0.05 0.95 0.00 
Trail Making Part B     
- Time [s] 0.38 0.69 0.01 
Stroop    
- Percent Accuracy 0.11 0.90 0.00 
- Response Time [s] 2.20 0.12 0.04 
Mental Rotation    
- Percent Accuracy 1.80 0.17 0.04 
- Response Time [s] 0.41 0.66 0.01 
Fitts’ Motor Task    
- Target 1 Displacement [cm] 1.85 0.16 0.04 
- Target 2 Displacement [cm] 0.41 0.07 0.01 
- Movement Time [s] 1.10 0.34 0.02 
- Constant of Proportionality 0.14 0.87 0.00 
 
* Denotes a significant result at p < .05 
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Figure 4: DSF Scores.   
The DSF mean scores obtained in each experimental condition (real or sham), displayed by group. The 
error bars represent one standard error of the mean. Note that there is an increase in performance with 
repetition for Group1 (control group) but there is no increase with repetition for either of the exposure 
groups (Group 2 and Group 3). 
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4. Discussion 
 
 This study used a double-blind counterbalanced procedure to evaluate the 
impact of a 60 Hz, 3 mT MF on selected cognitive functions.  The functions selected 
were investigated in previous studies examining effects of MFs and other 
environmental stimuli (such as lead and manganese) on cognition [Otto et al., 1992; 
Hanninen et al., 1998; Beuter et al., 1999; Delhez et al., 2004; Bowler et al., 2006; 
Counter et al., 2009].  Cognitive functions were assessed by testing human volunteers 
distributed into three experimental groups, which were shown to be homogeneous in 
terms of the levels of anxiety, depression, and intelligence.  For each group, the mean 
BAI score corresponded to the lowest anxiety level (score 0-7) [Beck and Steer, 
1993] and the mean BDI-II score was in the lowest depression interval (score 0-13) 
[Beck et al., 1996].  Though the mean score for Group 2 is higher than Group 1 and 
Group 3 this does not suggest the groups are at different levels of depression.  The 
scoring scale of the BDI-II is 0 – 63 and the difference between scoring 4 vs. 5 on the 
BDI-II is not particularly notable.  This was an important result since increased levels 
of anxiety and depression are shown to negatively impact cognitive function [Coles 
and Heimberg, 2002; Grant et al., 2001; Porter et al., 2003; Purcell et al., 1997].  
These scores eliminate anxiety and depression as possible confounds.  All groups had 
mean IQ scores in the higher than average intelligence range (score 100-115) 
[Wechsler, 1997]. This is expected as the majority of the study population consisted 
of university students. 
 The participants did not detect the presence or absence of the MF.  This is a 
very satisfying result considering the high level of MF exposure (as per a recent 
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review of the literature, is the highest level at 60 Hz in human cognitive studies 
published in a peer-reviewed journal). The highest magnetic flux density found in 
previous ELF MF studies involving cognitive testing was 1.26 mT [Lyskov et al., 
1993ab]. However, it is important to take the orientation of the field into account 
since different MF orientations would also lead to different induced currents 
orientations. This information was not always reported in past studies and is one of 
the possible reasons for differences between cognitive results.  In this particular case 
Lyskov et al. [1993ab] did use a MF oriented “ear-to-ear.” 
 The block effect present for many of the tests suggests a practice effect.  The 
practice effect is an improvement in neuropsychological performance attributable to 
the effects of repeated assessment with the same instrument [McCaffrey and 
Westervelt, 1995].  The presence of practice effects is expected with repeated 
measures testing to assess changes in cognitive ability.  Unfortunately, “there are 
relatively few cognitive tests designed explicitly for the repeat assessment of 
cognitive function” [Wilson et al., 2000].  A commonly used strategy to cope with 
this is to administer alternate forms of assessments to reduce the practice effects that 
accompany repeated measures testing [Desrosiers and Kavanagh, 1987; Kelland and 
Lewis, 1994; Benedict and Zgaljardic, 1998; Beglinger et al., 2005].  Two alternate 
versions of the experimental session tests are implemented in this study.  However, 
alternate forms of assessments do not eliminate practice effects [Dikmen et al., 1999; 
Uchiyama et al., 1995].  Another factor contributing to practice effects is the above 
average intelligence of the participants.  It is reported that people with average or 
high average IQ on initial testing are more likely to make improvements on repeated 
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testing than people with low average IQ [Rapport et al., 1997].  The presence of the 
practice effect in this study grants the opportunity to not only evaluate the effect of 
MF exposure on cognitive performance but also on the practice effect. Practice is 
proven to change brain activation patterns in imaging studies [Kelly et al., 2006; 
Ischebeck et al., 2007; Jolles et al., 2010].  A decrease in activation due to practice is 
suggested to be the result of increased neural efficiency with less neurons in a neural 
network firing in response to a task or stimulus [Duncan and Miller, 2002; Garavan et 
al., 2000; Poldrack, 2000].  There are also practice related increases in brain 
activation.  The increases are attributed to additional neurons firing in a particular 
region of the brain, indicating a strengthened response [Poldrack, 2000].  Generally 
decreases in activation are associated with practice on cognitive tasks while increases 
are associated with practice on sensory or motor tasks [Kelly et al., 2006].  The ability 
of the human brain to alter the number of neurons and neuronal firing patterns 
associated with tasks in response to experiences is referred to as neural plasticity 
[Kelly et al., 2006]. 
 The tests accounting for cognitive-set shifting (TMTB), processing speed 
(BD, TMTA, MR, FMT), visual-motor coordination (DSC, TMTA, TMTB), and 
visual scanning (TMTA, TMTB) improved performance with repetition 
independently of the MF exposure condition.  This practice effect has been 
documented in previous research using the aforementioned tests [Fitts, 1954; Wexler 
et al., 1998; Fastenau et al., 2001; Bird et al., 2004; Hinton-Bayre and Geffen, 2005; 
Miller et al., 2009; Solana et al., 2010] . These tests are associated with the prefrontal 
cortex [Shibuya-Tayoshi et al., 2007], precentral gyrus, cingulate gyrus, medial 
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frontal gyrus [Zakzanis et al., 2005], left middle frontal gyrus, and posterior parietal 
cortex [Usui et al., 2009].  Within the brain this practice effect would likely reflect an 
increase in neural efficiency in the prefrontal cortex, cingulate gyrus, medial frontal 
gyrus, and middle frontal gyrus; and an increase in neural firing in the precentral 
gyrus and posterior parietal cortex (regions associated with motor activity). 
 Verbal working memory showed an improvement from Block 1 to Block 2 on 
the digit span tasks. This is consistent with the literature which has shown practice 
effects to be present [Taub, 1973; Otto et al., 1992; Dikmen et al., 1999; Wilson et al., 
2000; Farahat et al., 2003].  The orbitofrontal and mid-ventrolateral frontal cortex are 
very prominent in neuroanatomical studies using digit span tasks [Owen, 2000].  The 
processing speed of perceptual reasoning and mental imagery increased between 
repetitions, which is in agreement with the findings of other studies [Vandenberg and 
Kuse, 1978; Wexler et al., 1998; Miller et al., 2009].  The BD and MR tests are 
associated with spatial processing in the dorsal occipital-parietal pathway [Booth et 
al., 2000; Koshino et al., 2005], motor cortical areas [Jordan et al., 2001; Kosslyn et 
al., 1998] and demands on executive functions in the prefrontal regions [Cohen et al., 
1996; Carpenter et al., 1999]. The practice effect indicates that a change in neural 
patterns could be occurring in one or more of these areas.  
 Also consistent with the findings of previous research, the concentration task 
performance (Stroop) improved from Block 1 to Block 2 [Davidson et al., 2003; 
Beglinger et al., 2005]. Two areas of the brain, thought to have a key role in 
concentration, are the dorsolateral prefrontal and anterior cingulate cortex [MacLeod 
and MacDonald, 2000].  Since concentration is a cognitive task (as opposed to 
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sensory or motor task) the improvement between blocks would likely appear as a 
decrease in neuron activation [Kelly et al., 2006] and is likely the result of improved 
efficiency of neuron firing in these regions with task repetition [Duncan and Miller, 
2002; Garavan et al., 2000; Poldrack, 2000]. 
 The participants’ overall performance on the motor task improved over time 
as indicated by the lowering of the constant of proportionality.  This constant is a 
measure of inherent ability independent of the speed/precision trade-off when 
performing the task [Beuter et al., 1999].  There was an increase in displacement from 
target 2 (the farthest from the dominant hand of the participant) between Block 1 and 
Block 2.  It was coupled with a decrease in the time taken to move between targets, 
suggesting a decrease in precision due to a rise in speed and confidence.  In Fitts’ 
original work, participants improved their speed (by 3%) between the first and second 
trials but did not make more errors [Fitts, 1954]. The improvement in our study was 
6% but with a decrease in the precision of tapping, which could be caused by the 
increase in speed.  Since this is a motor task, it is expected that the practice effect 
indicates an increase of neural firing in the associated neural pathway [Kelly et al., 
2006].  
 The only interaction effect present is for the DSF memory task, which 
suggests a MF-induced effect.  This interaction does not equate to a change in test 
accuracy because of MF exposure but rather an elimination of the practice effect.  
Both of the exposed groups did not experience an improvement with repetition.  
However, the control group improved test performance after a repeated 
administration of the DSF as regularly reported in the literature [Taub, 1973; Otto et 
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al., 1992; Subramanya and Telles, 2009].  In fact, it is even more likely that a practice 
effect would be present on this test because of the short test-retest interval [Benedict 
and Zgaljardic, 1998]. A recent functional Magnetic Resonance Imaging (fMRI) 
study found changes in brain activation in regions of the prefrontal cortex on working 
memory tests with repetition [Jolles et al., 2010]. Owen [2000] found a verbal DSF 
task (like the one used in this study) activated the orbitofrontal and mid-ventrolateral 
frontal cortex of the human brain.  Under control group conditions it is expected that 
neurons in these regions would operate more efficiently as the task is repeated.  
Therefore, it is possible that the MF will interfere with the neurophysiological 
processes underlying the plastic adaptation of neural pathways in these regions. 
 It is unexpected that both DSF and DSB do not show similar interactions 
because both tasks demonstrate activation in the same brain regions (orbitofrontal and 
mid-ventrolateral frontal cortex) except for the mid-dorsolateral frontal cortex (DSB 
only) [Owen, 2000].  However, it has been suggested that DSF and DSB involve 
various cognitive processes, which may be differently impaired in certain clinical 
groups [Kaplan et al., 1991; Lezak, 2004].  In addition, it may be possible that on the 
DSB, the mid-dorsolateral frontal cortex is compensating for the impairment in the 
neural pathways of the orbitofrontal or mid-ventrolateral frontal cortex demonstrated 
on DSF. 
 This would not be the first ELF MF study to report an alteration to the 
practice effect. Another study on cognitive functions reported an attenuation of 
practice effects on reaction time with exposure.  The groups receiving sham first 
performed better on the reaction time task during the second trial than groups 
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receiving the real exposure first [Lyskov et al., 1993ab].  The exposure level in these 
findings was the previous highest level reported in ELF MF research on human 
cognitive function (1.26 mT). 
The number of males and females in each group was not perfectly balanced 
and tested for a gender effect.  We found that there were gender effects present but 
only for the score of the AR test and the MR percent of correct responses.  Males 
performed better than females on both of the tests.  Gender differences on AR and 
MR tests have been well documented in psychometric literature [Lynn and Irwing, 
2008; Voyer et al., 1995].  Separating the three experimental groups into males and 
females for the AR and MR tests did not reveal any MF-related effects.  Although AR 
is a working memory test it is important to emphasize that there were no gender 
effects for DSF and DSB.  This agrees with past research has demonstrating a lack 
gender effects for digit span tests [Lynn and Irwing, 2008].  Therefore, it is unlikely 
that the significant DSF result is influenced from gender differences. 
It is possible that the significant DSF result could be influenced by group-
specific differences.  However, that is very unlikely since age and intelligence (two 
major factors contributing to the practice effect) are similar for all groups.  A visual 
examination of Fig. 4 may suggest a difference between the Block 1 DSF scores for 
Group 1 and Group 3.  We would like to emphasize that our statistical results do not 
support this observation.  A t-test comparing the Block1 DSF scores for Group 1 and 
Group 3 revealed no significant difference. 
 To gain a better understanding of the changes within the brain because of MF 
exposure, future studies should utilize EEG and fMRI.  Imaging with fMRI would 
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present excellent spatial resolution to determine exactly which parts of the brain are 
being affected.  Future studies should also focus on the orbitofrontal, and mid-
ventrolateral frontal cortex structures of the brain that these results suggest may be 
affected by the MF exposure. 
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5. Conclusion 
 
Our results do agree with the hypothesis that the MF exposure would not have an 
effect on participant processing speed.  However, exposure to a 60 Hz, 3 mT MF did 
not alter the accuracy of human performance on the DSC, BD, AR, DSF, DSB, 
Stroop, MR, and FMT.  There is the possibility that the MF exposure could modulate 
the normal practice effect of a memory task.  Future studies should utilize 
complementary assessment tools like EEG and fMRI for further insight into MF 
interaction with human cognitive processing.  The lack of well-defined and reliable 
cognitive effects in terms of accuracy and processing speed at this exposure level 
should be noted by organizations developing guidelines. In future studies, magnetic 
flux density exposure should be increased until a threshold for an effect is found and 
the mechanism responsible is identified. 
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Chapter 3: General Conclusions 
 
 
To date, this project involved the highest level of power-line frequency 
magnetic flux density exposure that has been used in human cognition studies.  One 
limitation in drawing conclusions from these results is the very specific 60 Hz MF in 
terms of exposure duration (one hour) and magnetic flux density.  Consequently, the 
results do not offer the possibility to draw conclusions regarding the impact of MF 
exposure duration (from seconds to years) on human cognitive function.  
Furthermore, different magnetic flux density values may likely have a significant 
impact on the results.  In this study, the magnetic flux density used did not produce a 
reliable effect, suggesting that the level of magnetic flux density should be increased 
in future studies to reach a threshold value resulting in a reproducible effect.  
Achieving reproducible biological effects in humans above a given magnetic flux 
threshold value would be key to identifying the underlying mechanism(s) of 
interaction. 
Another limitation of the study is participant population consisted mainly of 
young adults.  Since cognitive performance practice improvements in test-retest 
protocols have demonstrated age-related effects [Dikmen et al., 1999; McCaffrey & 
Westervelt, 1995], the possibility that an older participant population would yield 
different results could not be excluded.  Therefore, future studies with an older 
participant population would be warranted to investigate any possible age-specific 
effects associated with MF exposure.  Also, it is emphasized that the psychometric 
testing used to evaluate participant performance is a behavioural measure; therefore 
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the tests may not be sensitive enough to detect a subtle effect on human 
neurophysiology.  Indeed, even at much higher MF flux density values, it has been 
observed in some transcranial magnetic stimulation (TMS) studies  with exposure to 
high intensity (~1T) MF pulses did not necessarily result in behavioural changes due 
to compensation by other brain areas [Sack et al., 2005]. 
Results from this research suggests that time-varying MF exposure can have 
lasting effects on human neurophysiology after MF exposure, i.e. implying that MF 
exposure induces biological changes that outlast the duration of exposure [Cook et al., 
2002; Cook et al., 2006; Legros et al., 2011; WHO, 2007].  For example, a previous 
study from our group has shown that functional brain activation (as measured using 
fMRI) during a finger tapping task was higher post-exposure to a 60 Hz MF at 1.8 
and 3 mT as compared to sham conditions [Legros et al., 2011].  It has recently been 
proposed that one candidate as a mechanism to explain this biological effect 
outlasting the duration of the exposure could be a modulation of synaptic plasticity, 
and more precisely of cortical excitability [Capone et al., 2009; Legros et al., 2013a; 
Legros et al., 2013b; Modolo et al., 2013].  In short, cortical excitability is described 
as a measure of cortical circuits’ response to stimuli.  Therefore, according to this 
theory, increased brain functional activation during a task after MF exposure could be 
a signature of increased cortical excitability.  It is worth mentioning that there is 
evidence in the literature that MF exposure can induce changes in cortical 
excitability, such as the study by Capone et al. [2009] that highlighted an increase in 
cortical excitability after a 45-minute exposure to a pulsed MF (1.8 mT peak value).  
Modulations of cortical excitability in healthy volunteers have also been reported 
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after imaging procedures (involving MRI gradient fields, which are time-varying MF) 
in 1.5 and 7T MRI scanners [Schlamann et al., 2010].  Regarding the lack of 
performance improvement with task repetition after MF exposure, this was also 
observed by Lyskov et al. [1993a; 1993b] after 1 hour of exposure to a 1.26 mT, 45 
Hz MF (however different from the MF used in our study, which was a 3 mT, 60 Hz 
MF). Another study investigating movement-induced time-varying MF from a static 
magnetic stray field from a 7T MRI scanner reported an impact on cognitive test 
performance after exposure [van Nierop et al., 2012].  It is proposed that interpreting 
these effects as a synaptic plasticity modulation by MF exposure would open an 
additional avenue of translational research using specific MF exposure protocols as 
therapeutic tools [Legros et al., 2013a; Legros et al., 2013b; Modolo et al., 2013]. 
Targeting the modulation of neural plasticity is a proposed and accepted 
method to treat certain neurological diseases [Engineer et al., 2011; Engineer et al., 
2013; Pilato et al., 2012].  Therefore, a promising avenue of research would consist of 
investigating systematically how the parameters of MF exposure result in specific 
modulations of synaptic plasticity, which could be used to relieve symptoms in 
neurological disorders characterized by pathological changes in synaptic plasticity. 
In conclusion, the results show a 60 Hz MF exposure at 3 mT may interfere 
with the ‘practice effect’ in a short-term memory cognitive test, even after cessation 
of MF exposure.  Overall, this research represents a step further in scientific attempts 
to establish a magnetic flux density threshold at 60 Hz for which reliable effects are 
observed on human neurophysiology, and also to understand the underlying 
interaction mechanisms.  Future work could involve novel human experiments, 
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including memory and learning protocols (cognitive tests) or the evaluation of 
cortical excitability using TMS (neurophysiological tests). 
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Appendix C:  Suicide Prevention Protocol 
 
Endorsement of Beck Depression Inventory-II 
 
Protocol Description: 
 
In the event that a subject endorses either a 2 or 3 on item #9 on the BDI-II 
indicating a desire to commit suicide, intervention from a psychologist is warranted. 
Dr. Stephanie Dubois, C. Psych (Psychologist) will be contacted in order to assess 
and intervene with the subject. Should there be significant risk as per her assessment, 
the subject will be escorted by taxi to LHSC-Victoria Campus where the subject will 
need to be assessed for possible admission to hospital. 
 
Security at St. Joseph's Health Care will be informed of the above potential scenario 
and the need for assistance should Dr. Dubois not be available. If this is the case, the 
researcher will contact security to escort the subject to LHSC-Victoria for the 
assessment at ER. 
 
 
 
Script if #9 is endorsed 
 
“Thank you for your participation in this study.  At this point, it has come to our 
attention that you have endorsed item #9 on the BDI-II questionnaire as intent to 
harm yourself.  We have a duty to report and seek intervention for persons who 
endorse suicidal thoughts or wishes. 
 
We have contacted Dr. Stephanie Dubois, Supervising Psychologist who will come to 
assist you at this time.”  (Give an estimated time of arrival)... 
 
 [Pending that Dr. Dubois is not available to physically get to St. Joe's the other 
alternative would need to be mentioned] 
 
 “We have contacted Dr. Stephanie Dubois, Supervising Psychologist who has 
informed security here at St. Joseph's to provide you with an escort to LHSC's 
Victoria Hospital at Commissioner's for assistance and intervention.” 
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Appendix D:  Experimental Protocol Documents 
Phone Questionnaire 
To participate in this study, you must be between the ages of 18 and 55 inclusive. 
 
To determine whether or not you are a potential candidate for this study, we would ask you to answer the 
following questions: 
 
1. Do you suffer from limited movement of your hands or fingers?    Yes No 
If yes, of what nature? ………………………………………………………………... 
 
2. Do you currently suffer from a chronic illness that requires that you regularly  
take medication(s)?        Yes No 
If yes, which one(s)? …………………………………………………………………… 
 
3. Are you currently experiencing psychiatric illness or difficulties? (ex. depression, anxiety) Yes No 
 
4. Have you ever had an epileptic seizure?      Yes No 
 
5. Do you wear a neural or cardiac pacemaker, or do you have a metal implant  
in your head or chest?         Yes No 
 
6. Do you have any permanent piercing?      Yes No 
 
7. Are you wearing a hearing aid system?       Yes No 
 
8. Do you wear glasses or contacts?  Is it possible for you to wear contacts    Yes No 
throughout the duration of the study? 
 
9. Do you regularly use drugs?       Yes No 
 
10. Do you smoke?        Yes No 
 
11. The experiment requires that you not be under the influence of tobacco, alcohol or caffeine  
during the test.  Is it impossible for you to abstain from smoking, consuming alcohol or  
drinking caffeinated food or beverages from midnight the night before the experiment until  
the next afternoon (expected end time of the experiment) ?    Yes No 
 
12. Dominant hand : ……………….. 
 
13. Date of birth : ………………….. 
 
14. Weight : ………………………...  Height :……………………. 
 
Identification number: ……………………………  
 
------------------------------------------------------------------------------------------------------------------------------------ 
 
Identification Information 
 
Last Name:……………………………………………..……First name:….………………………………………. 
Address:………………………………………………………………………………………………………...…… 
City:…………………………………………………………………………………………………………… 
Home Phone Number:.……………………………..……..Work:……………………………………….…. 
E-mail address:……………………………………………………………………………………………… 
Sex:……………….………………………..………Date of Birth: ….……………………………………… 
Identification number : ………………………………...     (To be filled out by a member of the research team) 
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Baseline Session Checklist 
Participant Number:     
Date:       
 
Before the day of test:  
 Where to meet the participant __________________________________________ 
 Give phone questionnaire (approved by Alexandre) 
 All required documents are available in a package 
o Phone questionnaire already completed 
o Letter of information 
o Handedness questionnaire  
 
Day of test (Session 0): 
 Turn on coolers 
 Turn on Liberty system 
 BDI 
o Score card available 
 BAI 
o Score card available 
 WAIS is set up 
o Score card for the WAIS is set up with participant number on it 
 2 2b pencils on the table 
 Samples set up: Trail making A&B, Stroop, Mental rotation, Fitts’ 
 
Arrival of participant: 
 Meet Participant 
 Put “Testing in Progress Sign” on door 
 Ask participant to remove all metal from body 
 Fill out/ read the required documents package 
 Forward phone (60600) 
 Ask if they have any questions 
 Give participant earplugs and show how to properly wear 
 Administer the BDI  (write comments on sheet) 
o  Was #9 endorsed as a 2 or a 3? 
 Yes: follow appropriate protocol found in the WAIS kit and read script 
 No 
 
 Administer the BAI (write comments on sheet) 
 Fill out handedness questionnaire 
 Bathroom break (in the event of #9 endorsement on BDI contact Dr. Dubois now)  
 Administer the WAIS III (write comments on marking sheet) 
o ensure the participant cannot see the score card or watch 
o follow the WAIS instructions – order: Picture Completion, Vocabulary, Digit Symbol 
Coding, Similarities, Block Design, Arithmetic … 
o Take a bathroom break after Arithmetic section 
o Administer the rest of the WAIS… Matrix Reasoning, Digit Span, Information, Picture 
Arrangement, and Comprehension 
 
 Show the practice exercises for next time (Trail Making A&B, and Computer)  
 Thank participant and ask if they would like a reminder email before Session 1/2  
 Remove “Testing in Progress” sign and put away 
 After participant leaves, mark BDI/BAI and the WAIS 
 Record these results in the coded participant database 
 Separate participant name documents from coded documents and store in appropriate files 
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Experimental Session Checklist 
Participant Number:         Page 1 of 2 
Date:       
 
Before participant testing day: 
 Send reminder email of the second session 
 
Day of session 1 & 2: 
 Turn on cooling systems. 
 Have payment for Session 1 and 2 available 
 Turn on Liberty system. 
 Organize and fill out information on appropriate versions of tests and marking sheets by coils 
 Have field status questionnaire ready 
 Turn on field generator 
 Turn on MF Command program. 
 Take baseline reading of MF _____________________ 
 Get materials from the WAIS-III kit (blocks and pencil) 
 Turn on temperature probe 
 Prepare the Version 1 & 2 packages (including the block testing booklets) 
 Forward the phone to voicemail (“forward” – 64682 – “forward”) 
 Turn on study program.  Fill out subject and session number only to get version order.  Make 
the program full screen on the experiment monitor. 
 Participant is receiving version ____ first. 
 
Participant Arrival 
 Meet Participant at ____________________________________________ 
 Put “Testing in Progress Sign” on door 
 Remove all metal/wallets/credit cards  
 Sit participant in coil chair 
 Explain the Emergency Stop button 
 Setup the experiment monitor on the table 
 Show instructional video 
 Fit participant and self with earplugs 
 Ask if they have any questions 
 Adjust speaker sound 
 Tape temperature probe to participant’s neck 
 Assume position in front of coils 
 Start rest period in program 
 Digit Symbol Coding Task (1 min and 30 s) comments  
__________________________________________________________________________________ 
 Block Design Task comments on the appropriate marking sheet 
 Arithmetic test comments on the appropriate marking sheet 
 Digit Span forward comments on the appropriate marking sheet 
 Digit Span backward comments on the appropriate marking sheet 
 Trail Making Test A time ________ and B time ________ 
comments_____________________ 
__________________________________________________________________________________ 
 
 Stroop comments_____________________________________________________________ 
_________________________________________________________________________________ 
 Mental rotation comments 
__________________________________________________________________________________ 
 
 Fitts’ motor task comments 
__________________________________________________________________________________ 
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Experimental Session Checklist 
Participant Number:         Page 2 of 2 
Date:       
 
 Close computer program (use “END” buttons) and then reopen it.  Fill in all of the 
information again.  Now Session 2 begins.  Get Version. 
 30 minute break 
 Administer Field Status Questionnaire 
 
 Assume position in front of coils 
 Digit Symbol Coding Task (1 min and 30 s) comments  
__________________________________________________________________________________ 
 Block Design Task comments on the appropriate marking sheet 
 Arithmetic test comments on the appropriate marking sheet 
 Digit Span forward comments on the appropriate marking sheet 
 Digit Span backward comments on the appropriate marking sheet 
 Trail Making Test A time ________ and B time ________ 
comments_____________________ 
__________________________________________________________________________________ 
 
 Stroop 
comments_______________________________________________________________ 
__________________________________________________________________________________ 
 
 Mental rotation 
comments_______________________________________________________ 
__________________________________________________________________________________ 
 
 Fitts’ motor task 
comments_______________________________________________________ 
__________________________________________________________________________________ 
 
 If predetermined, administer the Smell Identification Test 
 Smell Identification Test comments 
__________________________________________________________________________________ 
 
 Administer Field Status Questionnaire 
 Thank participant and fill out receipt form. Give payment. File lab copy appropriately. 
 Remove “Testing in Progress” sign and put away 
 After participant leaves, mark tests 
 Record results from all hand marked tests and all computer recorded tests in the coded 
participant database 
 Record in database what condition (Real / Sham) participant was in. 
 Record in database responses to field status questionnaire 
 File all papers appropriately 
 Separate documents with the participant’s name from coded documents and store in 
appropriate files 
 Turn off equipment
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Appendix E: Experimental Protocol Software 
LabVIEW Block Diagrams 
 
Blind Magnetic Field Activation and Protocol Time-line Software 
 
 
 
 
 
 Accept user input for 
the subject number (0 – 
99) and the session 
number (1 or 2) 
 
 Read input data from 
text file to determine 
the magnetic field 
condition and test 
version number based 
on the subject and 
session number 
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 If a real exposure block is 
present, generate a signal to 
produce a MF by running a 
current through the coils 
 
 Record MF values 
 
 Play MF mimicking sound 
through the speaker system 
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 Begin the 30 minute rest 
period prior to testing  
 
 Display time remaining till 
the end of the rest period  
 
 End the rest period and begin 
the test session 
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 User selects a computer driven psychometric test (Stroop, Mental Roation, or Fitts’ Motor Task)  
 
 Display the elapsed time of the test session 
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Stroop Task Block Diagram 
 
 
 
 
 Program reads the file 
containing the names of the 
images to be used in version 1 
or 2 
 
 All variables and objects are 
set to their default values 
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 Displays a timer counting down the 
time remaining (from 2 minutes) 
 
 Make instructions invisible once the 
test begins 
 
 Initialize cursor location tracking 
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 Once the test session has 
begun, record each button 
press with a timestamp 
 
 The location of the cursor is 
recorded as well 
 
 Save this in a file specific to 
the subject, session, and block 
number 
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 With every button press 
bring up the next Stroop 
image 
 
 When the times limit is 
reached, show the end of 
test message 
72 
 
 
Mental Rotation Block Diagram 
 
 
 
 Load mental rotation 
image set based on the 
subject and session 
 
 Display the first images 
 
 Initialize cursor 
position recording 
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 Record the button clicked (SAME 
or DIFFERENT) by the participant 
and a timestamp 
 
 Write this to a file specific to the 
subject, session, and block number 
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 With each 
button response 
from the 
participant 
display the next 
set of images 
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Fitts’ Motor Task Block Diagram 
 
 
 
 Load subject and session number 
 
 Begin time remaining till start 
countdown 
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 Initialize stylus tracking device 
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 Record the position of 
the stylus in space with 
a timestamp 
 Write this to a file for 
the specific subject, 
session, and block 
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Stroop Analysis MatLab Code 
 
%     This code reads the file of Stroop data created during the test sessions. The responses of the participant 
are checked against an answer key for the specific version. The cursor position and actual clicks registered 
are checked to ensure accuracy. 
 
 
clear all 
close all 
 
sub_num = input('please enter the subject number: '); 
 
RealSham = load('C:\LabViewPrograms\Lab View VIs\Phase2\P2rand_real_sham.txt', '-ascii'); 
 
cond_vers = RealSham(sub_num,:); 
 
block = input('block: '); 
    version = cond_vers(1,(block+2)); 
 
    lfname = 
['C:\LabViewData\PhaseII\P2S',int2str(sub_num),'_Se',int2str(block),'_V',int2str(version),'_stroop.txt']; 
 
    S = load(lfname, '-ascii'); 
 
    stroop = S(2:end,:); 
     time = stroop(:,3); 
    pixels = stroop(:,4:5); 
 
    reset = find(((stroop(:,4) == 3)|(stroop(:,4) == 4)|(stroop(:,4) == 5)|(stroop(:,4) == 6)|(stroop(:,4) == 
7)|(stroop(:,4) == 8)|(stroop(:,4) == 9)|(stroop(:,4) == 10)) & ((stroop(:,5) == 470)|(stroop(:,5) == 
471)|(stroop(:,5) == 472)|(stroop(:,5) == 473)|(stroop(:,5) == 474)|(stroop(:,5) == 475)|(stroop(:,5) == 
476)|(stroop(:,5) == 477)|(stroop(:,5) == 478)|(stroop(:,5) == 479)) & (stroop(:,3)<150)); 
    show_redund = [stroop(reset,3:5) reset]; 
    %sshow_redund = [stroop((reset-1),:) (reset-1)]; 
     
    dels = (find(diff(show_redund(:,4)) < 5)+1); 
%     if isempty(dels)== 0; 
        while isempty(dels) == 0; 
            dels = (find(diff(show_redund(:,4)) < 5)+1); 
 
            show_redund(dels(1,1),:) =[]; 
            dels(1,:)=[]; 
        end 
%     elseif isempty(dels)== 1; 
%     end 
 
    colours=[]; 
    clicks=[]; 
 
    sstroop = stroop(:,3:end); 
    clicks = [stroop((show_redund(2:end,4)-1),[1,4,5]) (show_redund(2:end,4)-1)]; 
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     t_btw_clicks = [clicks(1,1); diff(clicks(:,1))];  
 
    for click_num = 1:length(clicks) 
        if clicks(click_num,2) >(-51) & clicks(click_num,2)< 44 & clicks(click_num,3)>325 & 
clicks(click_num,3)<398; 
            colours(click_num,1) = 1; 
        elseif clicks(click_num,2) >(-161) & clicks(click_num,2)< (-63) & clicks(click_num,3)>550 & 
clicks(click_num,3)<628; 
            colours(click_num,1) = 2; 
        elseif clicks(click_num,2) >(42) & clicks(click_num,2)< 140 & clicks(click_num,3)>550 & 
clicks(click_num,3)<630; 
            colours(click_num,1) = 3; 
        elseif clicks(click_num,2) >(74) & clicks(click_num,2)< 173 & clicks(click_num,3)>430 & 
clicks(click_num,3)<506; 
            colours(click_num,1) = 4; 
        elseif clicks(click_num,2) >(-194) & clicks(click_num,2)< (-93) & clicks(click_num,3)>430 & 
clicks(click_num,3)<506; 
            colours(click_num,1) = 5; 
         
        end 
    end 
     
    wrong_key_name = ['C:\LabViewData\PhaseII\V',int2str(version),'_stroop_wrong_ans_key.txt']; 
    wrong_key = load(wrong_key_name, '-ascii'); 
    wrong_key = wrong_key(2:end,:); 
     
    key_name = ['C:\LabViewData\PhaseII\V',int2str(version),'_stroop_ans_key.txt']; 
     
    key = load(key_name, '-ascii'); 
    key = key(2:end,:); 
     
    zero_spots = find(colours == 0) 
    old_zero = 0; 
     
    if length(zero_spots)>0 
        for the_zeros=1:length(zero_spots) 
            colours(zero_spots(the_zeros,1)- the_zeros + 1)=[]; 
         
             
            t_btw_clicks(zero_spots(the_zeros,1)- the_zeros + 2) = t_btw_clicks(zero_spots(the_zeros,1)- 
the_zeros + 2)+ t_btw_clicks(zero_spots(the_zeros,1)- the_zeros + 1); 
            t_btw_clicks(zero_spots(the_zeros,1)- the_zeros + 1)=[]; 
        end 
    end 
     
    comp_key = key(1:(length(colours))); 
    comp_wrong_key = wrong_key(1:(length(colours))); 
     
    key_diff = comp_key - colours; 
     
    wrong_ans = find(key_diff ~= 0); 
    num_wrong = length(wrong_ans); 
    num_corr = length(colours)-num_wrong; 
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    perc_acc = num_corr/length(colours)*100; 
    t_shoot = [comp_key colours]; 
     
 
    mean_t_btw_clicks = mean(t_btw_clicks); 
     
    c1 = (1+((block-1)*4)); 
    c2 = (2+((block-1)*4)); 
    c3 = (3+((block-1)*4)); 
    c4 = (4+((block-1)*4)); 
     
    final_data(1,c1) = perc_acc; 
    final_data(1,c2) = mean_t_btw_clicks;  
    final_data(1,c3) = num_corr; 
    final_data(1,c4) = num_wrong;    
     
    checkers = [comp_key colours comp_wrong_key]; 
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Mental Rotation Analysis Code 
 
%     This code reads the file of mental rotation data created during the test sessions. The responses of the 
participant are checked against an answer key for the specific version. The cursor position and actual clicks 
registered are checked to ensure accuracy. 
 
clear all 
close all 
 
sub_num = input('please enter the subject number: '); 
 
RealSham = load('C:\LabViewPrograms\Lab View VIs\Phase2\P2rand_real_sham.txt', '-ascii'); 
 
cond_vers = RealSham(sub_num,:); 
 
block = input('block: '); 
    version = cond_vers(1,(block+2)); 
 
    lfname = 
['C:\LabViewData\PhaseII\P2S00',int2str(sub_num),'_Se',int2str(block),'_V',int2str(version),'_mr.txt']; 
 
    S = load(lfname, '-ascii'); 
%S(:,2) = (S(:,2)-1); 
    
    mr = S(2:end,:); 
 
    time = mr(:,1); 
    choice = mr(:,2); 
 
    d_choice = diff(choice); 
 
    [click] = (find(d_choice > 0)+1); 
    [next] = (find(d_choice < 0)+1); 
%click = click(1:(end-1));     
    picks = choice(click); 
     
    if length(click) == length(next) 
        next(length(next),:)=[]; 
    end 
 
    t_btw_clicks = [time(click(1,1))-0; time(click(2:end))-time(next)]; 
     
    key_name = ['C:\LabViewData\PhaseII\MRv',int2str(version),'.txt']; 
     
    key = load(key_name, '-ascii'); 
%    key = key(2:end,:); 
     
    comp_key = key(1:length(picks)); 
     
    key_diff = comp_key - picks; 
     
    wrong_ans = find(key_diff ~= 0); 
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    num_wrong = length(wrong_ans); 
    num_corr = length(picks)-num_wrong; 
    perc_acc = num_corr/length(picks)*100; 
     
    find(picks == 0) 
     
 
    mean_t_btw_clicks = mean(t_btw_clicks); 
     
    c1 = (1+((block-1)*4)); 
    c2 = (2+((block-1)*4)); 
    c3 = (3+((block-1)*4)); 
    c4 = (4+((block-1)*4)); 
     
    final_data(1,c1) = perc_acc; 
    final_data(1,c2) = mean_t_btw_clicks;  
    final_data(1,c3) = num_corr; 
    final_data(1,c4) = num_wrong;    
     
    t_shoot = [comp_key picks t_btw_clicks]; 
     
    figure(block) 
    plot(time,choice) 
    hold on 
    plot(time(click),choice(click),'*g') 
    plot(time(next),choice(next),'*r') 
     
xx = diff(mr(:,1)); 
xxx = find(xx>0.2); 
plot(mr(xxx(:,1)),1, '*k') 
 
checkers = [comp_key picks]; 
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Fitts’ Motor Task Analysis Code 
 
%     This code reads the file of Fitts’ motor task data created during the test sessions. The position of the 
stylus is compared against the participants’ calibration of the centre of the target. The responses of the 
participant are checked to ensure accuracy. The displacement between the calibration centre and each tap of 
the stylus is measured. 
 
clear all 
close all 
 
%     up/down   left/right distance off table 
T1 = [5.3011   -5.8714    1.1403  -70.2868  -85.6383  -23.3687]; %closest to right hand 
T2 = [5.2608    5.9998    1.0423 -160.2737  -87.9956   29.8133];    %closest to left hand 
 
sub_num = input('please enter the subject number: '); 
 
for block = 2:2; 
%block = input('block: ');     
lfname = ['C:\LabViewData\PhaseII\P2S0',int2str(sub_num),'_Se',int2str(block),'_fitts.txt']; 
 
    S = load(lfname, '-ascii'); 
     
    figure(block), plot(S(:,1),S(:,3)) 
     
    [neg_change] = find(diff(S(:,3)) > 0); 
    [d_neg_change] = find(diff(neg_change)>60); 
    hold on, %plot(S(neg_change,1),S(neg_change,3),'*r') 
    %plot(S(neg_change(d_neg_change),1),S(neg_change(d_neg_change),3),'*g'); 
     
    intervals=[neg_change(d_neg_change(1:(end-1))) [neg_change(d_neg_change(2:end))-1]]; 
     
    lr = S(:,3); 
     
    for intv = 1:length(intervals); 
        [min_val(intv,1) min_int_index(intv,1)]=min(lr(intervals(intv,1):intervals(intv,2))); 
        min_index(intv,1) = intervals(intv,1)+ min_int_index(intv,1)-1; 
    end 
    plot(S(min_index,1), S(min_index,3),'*k') 
    max_int = [min_index(1:(end-1)) (min_index(2:end)-1)]; 
     
    for mx_intv = 1:length(max_int); 
        [max_val(mx_intv,1) max_int_index(mx_intv,1)]=max(lr(max_int(mx_intv,1):max_int(mx_intv,2))); 
        max_index(mx_intv,1) = max_int(mx_intv,1)+ max_int_index(mx_intv,1)-1;  
    end 
    plot(S(max_index,1), S(max_index,3),'*k') 
     
    min_taps = S(min_index,:); 
    max_taps = S(max_index,:); 
     
    T1x = abs(min_taps(:,2)-T1(1,1)); 
    T1y = abs(min_taps(:,3)-T1(1,2)); 
    T1xy = sqrt(T1x.^2 + T1y.^2); 
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    T2x = abs(max_taps(:,2)-T2(1,1)); 
    T2y = abs(max_taps(:,3)-T2(1,2));     
    T2xy = sqrt(T2x.^2 + T2y.^2); 
     
    t_btw_taps = diff(sort([min_taps(:,1); max_taps(:,1)])); 
    mean_t_btw_taps = mean(t_btw_taps); 
     
    c1 = (1+((block-1)*7)); 
    c2 = (2+((block-1)*7)); 
    c3 = (3+((block-1)*7)); 
    c4 = (4+((block-1)*7)); 
    c5 = (5+((block-1)*7)); 
    c6 = (6+((block-1)*7)); 
    c7 = (7+((block-1)*7)); 
     
    final_data(1,c1) = mean(T1x); 
    final_data(1,c2) = mean(T1y); 
    final_data(1,c3) = mean(T1xy); 
    final_data(1,c4) = mean(T2x); 
    final_data(1,c5) = mean(T2y); 
    final_data(1,c6) = mean(T2xy); 
    final_data(1,c7) = mean_t_btw_taps; 
     
end 
 
excel_data = [final_data(1,1), final_data(1,8), final_data(1,2), final_data(1,9), final_data(1,3), 
final_data(1,10), final_data(1,4), final_data(1,11), final_data(1,5), final_data(1,12), final_data(1,6), 
final_data(1,13), final_data(1,7), final_data(1,14)]; 
excel_data_2 = [final_data(1,3), final_data(1,10), final_data(1,6), final_data(1,13), final_data(1,7), 
final_data(1,14)]; 
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Appendix F: Baseline Session Raw Data 
For participant number – exposure group 
 
P# - Group Age 
Sex 
BAI Score 
BDI 
Score 
WAIS Score 
003-1 20 M 0 0 114 
005-1 26 F 3 6 100 
010-1 21 F 6 4 106 
013-1 28 M 1 3 103 
016-1 27 F 0 1 119 
017-1 21 F 9 6 97 
026-1 22 F 6 8 116 
033-1 22 F 3 0 113 
036-1 18 F 2 4 112 
041-1 18 M 11 12 95 
045-1 24 F 2 0 96 
050-1 24 M 1 2 137 
052-1 18 M 4 10 106 
055-1 20 F 4 4 111 
058-1 19 F 12 4 124 
059-1 21 M 2 2 121 
061-1 22 M 4 8 90 
065-1 24 F 0 4 113 
067-1 48 F 9 8 111 
070-1 21 F 8 2 104 
074-1 43 F 3 8 106 
075-1 20 M 6 16 106 
076-1 18 F 6 7 102 
078-1 35 M 0 5 114 
080-1 25 M 0 1 121 
084-1 23 F 0 0 97 
086-1 24 F 4 4 116 
089-1 26 M 1 1 127 
090-1 19 M 6 12 106 
093-1 18 M 4 1 106 
094-1 19 F 2 0 102 
096-1 23 M 3 2 129 
102-1 19 F 1 6 107 
015-2 21 F 2 4 113 
018-2 19 F 4 3 120 
019-2 23 M 2 10 105 
020-2 26 M 6 5 102 
022-2 24 M 7 10 102 
025-2 18 F 3 4 116 
029-2 22 F 19 12 112 
037-2 33 F 2 1 119 
038-2 18 M 0 6 129 
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P# - Group Age 
Sex 
BAI Score 
BDI 
Score 
WAIS Score 
039-2 20 F 16 14 98 
043-2 38 M 4 6 113 
044-2 23 F 0 1 101 
046-2 23 M 0 1 128 
048-2 21 F 5 4 121 
049-2 24 F 0 0 116 
057-2 21 F 6 5 98 
062-2 24 F 2 3 91 
063-2 19 F 0 0 97 
064-2 18 F 23 18 95 
068-2 19 F 1 1 102 
072-2 27 M 3 0 125 
081-2 38 F 17 14 102 
083-2 20 M 2 4 98 
087-2 28 M 0 13 111 
088-2 19 F 2 8 124 
092-2 22 F 2 4 98 
095-2 22 M 3 4 120 
099-2 24 M 2 20 103 
103-2 29 M 0 0 90 
105-2 30 M 5 0 104 
107-2 21 F 5 2 124 
109-2 23 M 0 0 120 
111-2 26 F 0 4 102 
002-3 21 F 0 0 102 
004-3 49 F 2 0 104 
006-3 22 F 3 0 119 
009-3 22 F 4 0 98 
011-3 35 F 0 0 116 
014-3 24 F 17 8 117 
023-3 21 M 6 7 120 
027-3 20 F 1 4 111 
028-3 23 M 11 3 118 
030-3 20 F 3 4 118 
031-3 32 F 0 0 120 
032-3 20 M 2 2 116 
034-3 18 F 10 5 90 
035-3 18 F 9 6 110 
040-3 19 F 3 7 109 
042-3 20 F 2 3 115 
047-3 24 M 1 1 111 
051-3 21 M 2 4 121 
054-3 24 F 7 4 125 
066-3 21 F 7 5 102 
069-3 20 F 3 1 109 
071-3 20 F 7 3 101 
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P# - Group Age 
Sex 
BAI Score 
BDI 
Score 
WAIS Score 
073-3 21 F 0 0 125 
077-3 18 F 17 9 110 
079-3 24 M 4 5 127 
98-3 20 M 1 0 119 
100-3 26 M 0 0 95 
101-3 19 M 2 21 111 
 
88 
 
 
Appendix G: Experimental Session Raw Data 
 
P# - 
Group 
DSC Score 
BD  
Score 
AR  
Score 
DSF  
Score DSB Score 
DS  
Score 
B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 
003-1 67 64 54 57 9 7 11 13 6 6 17 19 
005-1 49 60 42 53 8 7 8 9 6 7 14 16 
010-1 74 68 53 50 10 10 6 9 4 5 10 14 
013-1 35 42 54 58 7 7 11 16 10 11 21 27 
016-1 80 77 53 55 9 8 14 15 12 13 26 28 
017-1 58 53 46 47 6 8 9 10 6 9 15 19 
026-1 66 73 48 53 9 10 9 9 6 9 15 18 
033-1 64 65 55 54 7 8 11 12 8 9 19 21 
036-1 73 76 55 55 7 10 13 13 8 9 21 22 
041-1 53 60 42 47 2 6 9 11 7 6 16 17 
045-1 63 71 51 55 7 7 11 12 7 8 18 20 
050-1 62 59 53 53 9 9 14 16 10 11 24 27 
052-1 61 64 58 58 9 9 10 10 8 8 18 18 
055-1 48 47 58 60 10 9 12 14 10 11 22 25 
058-1 67 68 57 54 6 10 14 15 10 11 24 26 
059-1 67 68 55 47 8 11 15 16 12 13 27 29 
061-1 60 54 29 36 5 6 10 10 4 6 14 16 
065-1 70 58 53 53 9 8 13 11 9 11 22 22 
067-1 56 58 37 39 7 9 11 11 7 7 18 18 
070-1 64 67 55 53 7 5 12 14 6 5 18 19 
074-1 64 70 35 47 8 10 11 13 9 9 20 22 
075-1 57 55 55 59 9 8 16 14 11 14 27 28 
076-1 41 49 52 57 7 8 7 8 4 7 11 15 
078-1 49 46 54 54 7 8 8 12 11 9 19 21 
080-1 62 71 49 51 8 11 15 16 14 14 29 30 
084-1 59 73 44 51 8 5 9 10 4 6 13 16 
086-1 70 76 54 50 10 8 10 14 7 6 17 20 
089-1 82 84 60 59 10 10 12 14 7 8 19 22 
090-1 61 55 53 54 9 9 8 7 7 8 15 15 
093-1 65 62 54 59 10 10 11 15 8 8 19 23 
094-1 68 71 54 57 5 7 12 14 8 7 20 21 
096-1 71 80 56 58 9 11 14 16 6 11 20 27 
102-1 66 70 46 56 8 8 14 15 13 13 27 28 
015-2 61 64 57 56 9 9 13 14 9 7 22 21 
018-2 83 80 49 53 7 7 15 15 9 6 24 21 
019-2 51 62 55 60 9 8 11 9 7 6 18 15 
020-2 56 53 49 55 5 8 9 10 6 6 15 16 
022-2 54 63 53 57 8 9 11 13 9 10 20 23 
025-2 55 60 51 44 10 9 8 10 8 9 16 19 
029-2 70 59 55 59 5 8 16 13 9 10 25 23 
037-2 58 69 47 54 7 6 14 14 12 12 26 26 
038-2 78 83 58 58 11 9 12 12 8 9 20 21 
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P# - 
Group 
DSC Score 
BD  
Score 
AR  
Score 
DSF  
Score DSB Score 
DS  
Score 
B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 
039-2 46 50 37 45 5 8 12 11 9 8 21 19 
043-2 62 57 43 45 6 7 11 9 10 7 21 16 
044-2 56 62 56 60 10 10 12 10 12 6 24 16 
046-2 76 75 59 60 11 8 15 10 11 12 26 22 
048-2 73 78 58 59 8 10 13 11 9 11 22 22 
049-2 66 61 44 52 7 9 12 13 10 8 22 21 
057-2 51 52 44 51 7 8 14 13 8 10 22 23 
062-2 56 53 53 57 7 8 9 12 7 10 16 22 
063-2 44 49 48 51 8 7 7 8 4 2 11 10 
064-2 75 69 43 50 3 6 8 12 8 11 16 23 
068-2 61 70 56 55 6 9 8 6 5 6 13 12 
072-2 38 44 51 53 3 4 13 12 7 4 20 16 
081-2 33 34 51 43 7 6 11 13 7 7 18 20 
083-2 47 48 55 53 7 9 10 12 6 5 16 17 
087-2 42 57 34 43 8 9 12 8 8 6 20 14 
088-2 76 80 57 58 8 9 15 13 11 9 26 22 
092-2 60 61 47 44 8 8 14 13 6 7 20 20 
095-2 57 66 60 59 8 10 11 14 6 10 17 24 
099-2 44 43 48 49 7 7 9 8 5 6 14 14 
103-2 49 53 33 37 8 7 9 12 9 8 18 20 
105-2 55 58 58 56 9 8 11 11 7 6 18 17 
107-2 62 65 57 55 9 9 10 14 9 12 15 16 
109-2 59 67 59 60 10 8 14 15 10 12 19 16 
111-2 78 72 46 53 5 4 16 14 9 12 18 17 
002-3 56 56 52 58 6 5 13 11 11 11 24 22 
004-3 42 44 44 47 9 8 13 11 6 8 19 19 
006-3 74 77 57 55 9 9 11 15 8 9 19 24 
009-3 44 49 49 48 6 8 9 10 7 6 16 16 
011-3 59 68 45 47 8 9 9 11 6 6 15 17 
014-3 86 80 53 59 9 8 13 15 7 13 20 28 
023-3 69 74 53 54 9 9 14 14 5 12 19 26 
027-3 60 70 58 60 9 10 13 15 11 8 24 23 
028-3 59 67 58 59 9 8 13 12 12 11 25 23 
030-3 61 64 58 58 9 8 13 13 6 9 19 22 
031-3 75 76 54 56 9 8 12 13 8 8 20 21 
032-3 62 73 57 57 12 10 13 15 5 8 18 23 
034-3 63 53 44 44 6 7 9 9 6 7 15 16 
035-3 50 55 49 59 8 9 11 9 8 4 19 13 
040-3 74 70 52 54 7 5 12 12 8 9 20 21 
042-3 36 40 48 49 8 10 13 9 5 8 18 17 
047-3 48 50 43 55 9 9 15 16 11 10 26 26 
051-3 63 82 59 58 11 9 14 16 8 13 22 29 
054-3 68 66 52 56 10 8 14 15 12 13 26 28 
066-3 57 65 47 52 5 5 9 8 8 6 17 14 
069-3 64 70 50 57 10 9 10 12 9 8 19 20 
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P# - 
Group 
DSC Score 
BD  
Score 
AR  
Score 
DSF  
Score DSB Score 
DS  
Score 
B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 
071-3 60 67 51 52 7 7 11 11 7 10 18 21 
073-3 57 60 53 59 10 7 14 13 12 12 26 25 
077-3 65 63 56 55 8 10 15 8 9 13 24 21 
079-3 77 77 54 58 11 11 16 16 11 14 27 30 
098-3 73 74 46 51 10 9 15 14 10 11 25 25 
100-3 51 65 56 52 8 8 10 11 6 5 16 16 
101-3 81 78 52 56 9 11 10 11 8 8 18 19 
104-3 48 46 42 46 6 8 11 10 7 10 18 20 
106-3 52 51 45 57 6 8 8 9 7 7 15 16 
108-3 39 44 49 53 8 8 10 8 9 8 19 26 
110-3 56 64 55 57 8 9 9 10 9 7 24 27 
112-3 50 53 38 49 7 7 15 14 10 11 25 26 
 
P# - 
Group 
TMTA 
Time [s] 
TMTB 
Time [s] 
Stroop % Accuracy 
Stroop 
Time [s] 
MR % Accuracy 
B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 
003-1 18.60 15.58 34.14 33.48 100.00 100.00 1.40 1.28 47.06 85.71 
005-1 28.00 20.00 49.00 43.00 97.53 100.00 1.48 1.40 68.42 78.26 
010-1 19.12 15.24 36.88 36.18 97.67 97.67 1.38 1.38 75.00 68.00 
013-1 32.63 27.53 83.76 52.06 100.00 100.00 1.65 1.23 88.89 92.00 
016-1 16.72 11.94 26.92 26.88 100.00 98.02 1.27 1.18 71.43 60.71 
017-1 38.54 27.49 55.78 52.64 100.00 97.59 1.52 1.44 54.17 77.78 
026-1 22.87 27.68 39.74 30.41 100.00 98.99 1.25 1.21 100.00 91.67 
033-1 26.00 24.00 46.00 44.00 98.95 95.18 1.48 1.33 88.89 94.44 
036-1 22.63 31.35 16.91 38.73 100.00 96.91 1.39 1.22 81.82 76.19 
041-1 34.13 21.34 83.83 55.38 92.21 98.95 1.53 1.28 41.03 60.00 
045-1 28.35 27.02 51.16 39.92 98.95 98.23 1.48 1.37 76.19 76.19 
050-1 22.38 35.60 46.47 22.18 100.00 94.67 1.62 1.59 100.00 96.67 
052-1 17.80 16.72 42.28 30.13 92.19 91.67 1.99 1.66 100.00 80.00 
055-1 29.99 25.08 34.70 32.74 100.00 96.74 1.25 1.19 94.74 100.00 
058-1 18.18 16.63 38.88 36.68 97.85 96.70 1.28 1.31 81.82 100.00 
059-1 19.96 18.00 31.19 26.73 100.00 100.00 1.29 1.19 95.46 82.14 
061-1 44.69 47.35 55.56 63.57 92.28 98.80 1.61 1.44 69.70 52.63 
065-1 31.00 23.00 62.00 35.00 100.00 100.00 1.68 1.63 100.00 100.00 
067-1 34.19 30.31 44.83 41.76 100.00 95.71 1.80 1.71 78.57 81.82 
070-1 17.61 16.22 32.58 30.27 98.78 98.88 1.46 1.34 100.00 75.00 
074-1 19.14 19.11 38.58 33.58 100.00 100.00 1.28 1.17 90.00 84.62 
075-1 23.81 18.00 40.94 30.81 98.68 100.00 1.57 1.35 100.00 96.30 
076-1 28.52 26.12 62.63 44.26 100.00 98.84 1.45 1.38 68.00 78.57 
078-1 24.39 23.39 43.17 41.68 98.90 100.00 1.32 1.22 100.00 95.83 
080-1 24.00 13.00 36.00 28.00 100.00 100.00 1.47 1.23 100.00 100.00 
084-1 23.00 23.18 41.61 31.44 98.91 97.98 1.29 1.21 83.33 86.67 
086-1 23.06 15.53 35.20 29.19 100.00 98.23 1.62 1.37 90.00 83.33 
089-1 14.93 13.25 27.00 20.12 98.91 96.12 1.29 1.15 93.75 90.63 
090-1 29.32 30.70 38.62 67.57 100.00 98.75 1.66 1.48 96.00 100.00 
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P# - 
Group 
TMTA 
Time [s] 
TMTB 
Time [s] 
Stroop % Accuracy 
Stroop 
Time [s] 
MR % Accuracy 
B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 
093-1 29.63 18.95 39.62 45.62 97.03 98.00 1.19 1.21 87.50 100.00 
094-1 20.05 16.00 36.93 44.32 100.00 98.13 1.15 1.11 100.00 86.21 
096-1 19.93 18.21 30.75 39.55 98.95 98.89 1.48 1.35 87.10 89.47 
102-1 20.10 20.44 42.68 41.82 100.00 98.88 1.53 1.77 92.86 55.56 
015-2 21.07 16.05 27.03 24.95 100.00 96.55 1.44 1.37 100.00 84.12 
018-2 15.07 13.64 35.27 31.41 100.00 100.00 1.16 1.22 77.27 78.26 
019-2 25.84 18.81 41.42 40.22 100.00 100.00 1.33 1.31 93.33 100.00 
020-2 28.19 18.81 107.38 96.42 98.78 100.00 1.43 1.39 85.71 93.75 
022-2 40.78 19.35 134.85 84.36 100.00 98.51 1.85 1.76 90.91 100.00 
025-2 34.13 35.94 62.12 46.17 100.00 96.05 1.56 1.68 100.00 95.00 
029-2 20.58 21.59 48.57 58.50 100.00 100.00 1.36 1.39 91.67 93.75 
037-2 20.03 19.83 35.50 34.16 100.00 100.00 1.89 1.32 70.00 91.67 
038-2 15.87 15.81 28.63 30.28 100.00 98.99 1.39 1.20 100.00 100.00 
039-2 30.81 23.31 65.28 47.79 100.00 97.94 1.33 1.22 76.19 85.71 
043-2 23.98 21.60 68.68 42.17 100.00 97.50 1.70 1.49 100.00 100.00 
044-2 21.00 18.00 31.00 30.00 98.67 97.59 1.54 1.41 73.08 76.67 
046-2 15.98 13.71 27.86 23.65 100.00 100.00 1.27 1.06 95.24 96.00 
048-2 14.22 12.18 31.48 26.70 97.90 98.95 1.29 1.23 76.47 81.82 
049-2 22.88 18.03 52.47 31.35 100.00 98.91 1.65 1.27 88.89 83.33 
057-2 24.88 23.06 46.56 48.39 100.00 98.70 1.59 1.54 52.94 68.75 
062-2 16.00 15.00 26.00 35.00 100.00 96.25 1.50 1.50 90.00 78.95 
063-2 21.87 21.13 52.16 52.82 100.00 100.00 2.04 1.90 84.21 88.89 
064-2 17.47 18.62 34.43 33.13 98.75 100.00 1.49 1.26 68.00 67.86 
068-2 35.38 35.11 41.12 53.67 98.06 97.20 1.16 1.11 61.11 66.67 
072-2 27.59 24.29 66.57 53.88 100.00 100.00 1.99 1.58 55.56 50.00 
081-2 40.04 39.86 12.32 58.03 98.08 100.00 2.27 2.06 75.00 62.50 
083-2 22.00 33.00 11.00 31.00 100.00 98.93 1.28 1.29 90.91 87.50 
087-2 26.38 19.09 67.05 33.02 98.51 96.67 1.78 1.35 93.75 95.65 
088-2 28.65 17.06 31.72 37.89 99.08 91.74 1.09 1.12 79.17 85.71 
092-2 20.13 20.57 33.83 40.87 100.00 98.99 1.38 1.21 76.79 73.91 
095-2 22.06 20.40 38.05 30.20 100.00 100.00 1.20 1.10 100.00 96.30 
099-2 22.94 20.48 46.25 45.58 100.00 98.39 2.16 1.31 93.55 76.47 
103-2 43.52 33.32 81.97 76.32 96.36 98.49 2.10 1.65 83.33 92.31 
105-2 23.49 20.41 66.62 52.67 100.00 98.59 1.63 1.16 80.00 77.78 
107-2 17.15 15.37 22.00 53.38 98.95 100.00 1.24 1.23 66.67 88.89 
109-2 24.05 18.12 43.31 40.18 100.00 97.92 1.36 1.07 90.48 96.00 
111-2 18.31 15.98 36.68 38.93 99.05 100.00 1.12 1.35 76.00 71.88 
002-3 18.71 20.25 29.95 34.87 100.00 100.00 1.61 1.40 76.47 86.36 
004-3 26.69 20.81 46.44 44.29 100.00 100.00 1.97 1.71 68.00 75.86 
006-3 16.57 17.41 39.95 29.58 100.00 98.93 1.72 1.27 80.00 93.10 
009-3 20.44 24.04 50.36 37.78 98.95 98.23 1.71 2.13 48.72 54.05 
011-3 25.48 25.99 56.31 68.83 100.00 100.00 1.31 1.17 82.35 90.00 
014-3 29.04 16.49 29.79 61.57 93.24 93.33 1.48 1.16 60.71 92.00 
023-3 20.32 17.40 34.50 70.24 97.98 94.34 1.20 1.13 75.00 72.00 
027-3 16.62 19.01 46.85 39.72 100.00 100.00 1.27 1.31 92.86 95.24 
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P# - 
Group 
TMTA 
Time [s] 
TMTB 
Time [s] 
Stroop % Accuracy 
Stroop 
Time [s] 
MR % Accuracy 
B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 
028-3 16.35 15.57 30.15 38.67 97.33 100.00 1.61 1.55 95.24 91.30 
030-3 18.81 15.67 30.16 22.66 97.67 100.00 1.38 1.28 93.55 87.50 
031-3 28.00 20.00 50.00 42.00 100.00 100.00 1.43 1.26 88.89 90.91 
032-3 19.09 14.53 29.83 24.49 97.86 98.04 1.48 1.37 94.44 91.30 
034-3 24.18 21.65 68.60 78.51 100.00 90.70 1.38 1.60 63.64 80.00 
035-3 28.25 20.86 36.48 28.86 98.99 100.00 1.21 1.22 85.71 100.00 
040-3 25.69 20.39 38.74 43.11 92.68 100.00 1.46 1.75 40.91 75.00 
042-3 35.33 40.57 63.21 49.93 95.65 98.88 1.71 1.33 88.24 94.44 
047-3 28.63 21.52 43.72 47.13 100.00 98.95 1.29 1.23 88.89 77.78 
051-3 18.00 18.49 34.44 32.66 100.00 100.00 1.16 1.12 88.24 89.47 
054-3 31.91 25.88 37.65 28.53 98.89 83.15 1.34 1.89 82.35 88.24 
066-3 25.75 20.00 65.13 32.30 98.95 98.23 1.48 1.37 82.25 84.12 
069-3 17.07 12.64 38.81 36.10 98.59 97.53 1.66 1.45 72.73 75.00 
071-3 21.81 16.98 55.60 39.43 100.00 98.91 1.30 1.30 86.67 100.00 
073-3 55.97 23.88 50.20 61.44 98.77 97.78 1.47 1.31 100.00 94.74 
077-3 18.50 21.60 41.21 37.67 99.01 97.06 1.18 1.17 78.57 94.44 
079-3 16.37 16.38 30.36 26.60 98.68 100.00 1.57 1.19 86.21 80.65 
098-3 21.73 18.96 31.72 27.45 100.00 97.83 1.42 1.29 95.46 79.17 
100-3 19.56 18.81 43.82 34.75 100.00 97.70 1.27 1.23 66.67 84.85 
101-3 18.18 26.52 51.02 41.98 100.00 100.00 1.38 1.29 94.12 81.82 
104-3 21.89 24.68 43.93 45.48 98.68 97.83 1.44 1.38 57.14 85.71 
106-3 29.19 26.68 60.12 49.62 100.00 98.81 1.62 1.46 88.24 90.48 
108-3 34.32 28.29 57.63 44.36 98.46 98.77 1.79 1.41 59.38 56.25 
110-3 18.08 24.31 32.54 46.54 98.75 100.00 1.48 1.48 89.47 92.31 
112-3 26.36 19.05 57.78 54.44 96.47 98.75 1.39 1.89 53.85 41.03 
 
P# - 
Group 
MR 
Time 
FMT 
Disp. T1 
FMT 
Disp. T2 
FMT 
Time 
FMT Prop. 
Const. 
B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 
003-1 6.73 8.35 0.11 0.15 0.09 0.08 0.91 0.82 0.28 0.26 
005-1 3.03 5.04 0.16 0.16 0.14 0.13 0.67 0.62 0.26 0.24 
010-1 9.81 4.67 0.38 0.44 0.37 0.54 0.35 0.34 0.16 0.16 
013-1 6.49 4.72 0.19 0.23 0.19 0.19 0.59 0.52 0.23 0.21 
016-1 5.40 4.13 0.14 0.15 0.13 0.11 0.63 0.58 0.24 0.22 
017-1 4.76 4.32 0.15 0.40 0.15 0.11 0.71 0.70 0.27 0.30 
026-1 9.70 9.46 0.10 0.13 0.11 0.13 0.77 0.75 0.28 0.28 
033-1 6.54 6.31 0.22 0.18 0.15 0.13 0.61 0.64 0.24 0.25 
036-1 5.08 5.14 0.17 0.17 0.09 0.14 0.62 0.60 0.23 0.23 
041-1 2.79 1.66 0.28 0.28 0.19 0.25 0.54 0.50 0.23 0.21 
045-1 5.30 5.57 0.24 0.22 0.13 0.34 0.69 0.60 0.27 0.26 
050-1 4.15 3.88 0.14 0.20 0.11 0.14 0.68 0.55 0.26 0.22 
052-1 10.65 7.71 0.13 0.22 0.09 0.15 0.70 0.60 0.26 0.24 
055-1 6.05 4.74 0.19 0.16 0.16 0.15 0.59 0.59 0.23 0.23 
058-1 5.32 4.95 0.13 0.19 0.09 0.11 0.68 0.75 0.25 0.29 
059-1 4.86 4.15 0.17 0.12 0.11 0.13 0.67 0.60 0.25 0.22 
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P# - 
Group 
MR 
Time 
FMT 
Disp. T1 
FMT 
Disp. T2 
FMT 
Time 
FMT Prop. 
Const. 
B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 
061-1 3.53 1.78 0.13 0.12 0.07 0.09 0.91 0.92 0.33 0.33 
065-1 9.81 6.95 0.13 0.17 0.07 0.09 0.77 0.74 0.28 0.28 
067-1 7.58 10.54 0.11 0.11 0.11 0.11 0.80 0.78 0.29 0.29 
070-1 5.83 4.04 0.17 0.16 0.13 0.15 0.48 0.43 0.18 0.16 
074-1 11.61 8.42 0.19 0.18 0.12 0.15 0.66 0.55 0.25 0.22 
075-1 4.32 4.32 0.15 0.12 0.09 0.12 0.84 0.75 0.31 0.28 
076-1 4.69 4.12 0.20 0.17 0.14 0.12 0.61 0.56 0.24 0.22 
078-1 5.99 4.86 0.17 0.20 0.11 0.15 0.63 0.59 0.24 0.23 
080-1 9.68 5.88 0.14 0.13 0.08 0.07 0.87 0.74 0.32 0.27 
084-1 8.68 7.08 0.15 0.16 0.08 0.10 0.88 0.76 0.32 0.29 
086-1 5.58 4.61 0.10 0.13 0.08 0.12 0.75 0.70 0.26 0.26 
089-1 3.64 3.56 0.20 0.20 0.15 0.17 0.67 0.62 0.26 0.24 
090-1 4.59 5.27 0.12 0.26 0.05 0.10 1.16 0.99 0.41 0.39 
093-1 7.15 6.96 0.20 0.17 0.14 0.13 0.68 0.64 0.27 0.24 
094-1 4.87 4.11 0.14 0.17 0.13 0.14 0.55 0.49 0.21 0.19 
096-1 3.53 2.83 0.15 0.17 0.14 0.14 0.57 0.51 0.22 0.20 
102-1 7.08 6.02 0.20 0.21 0.11 0.14 0.64 0.50 0.25 0.20 
015-2 5.95 4.13 0.32 0.37 0.26 0.26 0.49 0.49 0.21 0.22 
018-2 5.16 5.35 0.41 0.49 0.30 0.36 0.44 0.40 0.20 0.18 
019-2 7.22 8.07 0.17 0.14 0.10 0.09 0.67 0.74 0.25 0.27 
020-2 7.84 6.95 0.25 0.21 0.24 0.25 0.55 0.49 0.23 0.20 
022-2 5.18 5.17 0.20 0.20 0.15 0.17 0.67 0.62 0.26 0.24 
025-2 7.27 5.46 0.16 0.14 0.11 0.12 0.72 0.75 0.27 0.28 
029-2 9.45 7.16 0.15 0.17 0.12 0.13 0.68 0.64 0.26 0.25 
037-2 11.05 9.79 0.14 0.17 0.12 0.11 0.57 0.55 0.21 0.21 
038-2 6.07 5.46 0.19 0.18 0.13 0.14 0.60 0.52 0.23 0.20 
039-2 5.52 3.96 0.48 0.42 0.20 0.15 1.03 0.92 0.46 0.40 
043-2 10.53 8.15 0.27 0.20 0.22 0.16 0.45 0.42 0.19 0.17 
044-2 4.47 3.83 0.20 0.25 0.18 0.15 0.64 0.57 0.26 0.23 
046-2 6.05 4.78 0.20 0.20 0.15 0.17 0.67 0.62 0.26 0.24 
048-2 6.47 5.06 0.12 0.15 0.11 0.11 0.60 0.56 0.22 0.21 
049-2 9.72 9.85 0.20 0.20 0.15 0.17 0.67 0.62 0.26 0.24 
057-2 6.98 7.26 0.46 0.20 0.08 0.14 0.76 0.76 0.32 0.30 
062-2 5.33 5.20 0.13 0.13 0.11 0.11 0.65 0.59 0.24 0.22 
063-2 6.23 5.61 0.20 0.20 0.16 0.23 0.66 0.68 0.26 0.28 
064-2 4.63 4.10 0.20 0.20 0.15 0.17 0.67 0.62 0.26 0.24 
068-2 6.26 6.14 0.17 0.15 0.16 0.11 0.49 0.54 0.19 0.20 
072-2 12.96 9.42 0.37 0.30 0.25 0.26 0.45 0.40 0.20 0.17 
081-2 9.68 6.67 0.15 0.15 0.09 0.09 0.82 0.77 0.30 0.28 
083-2 5.22 4.80 0.20 0.20 0.15 0.17 0.67 0.62 0.26 0.24 
087-2 6.80 4.87 0.11 0.13 0.13 0.14 0.75 0.60 0.28 0.23 
088-2 4.78 5.26 0.20 0.22 0.21 0.22 0.46 0.43 0.19 0.17 
092-2 5.23 4.95 0.20 0.20 0.15 0.16 0.52 0.50 0.21 0.20 
095-2 5.48 4.27 0.14 0.20 0.07 0.08 0.93 0.93 0.34 0.35 
099-2 8.74 6.72 0.08 0.13 0.09 0.39 0.44 0.74 0.13 0.27 
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P# - 
Group 
MR 
Time 
FMT 
Disp. T1 
FMT 
Disp. T2 
FMT 
Time 
FMT Prop. 
Const. 
B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 
103-2 18.47 7.53 0.23 0.19 0.12 0.12 0.99 0.74 0.39 0.28 
105-2 4.57 3.94 0.15 0.16 0.15 0.16 0.65 0.52 0.25 0.20 
107-2 6.00 6.28 0.21 0.22 0.13 0.13 0.76 0.80 0.30 0.31 
109-2 5.10 4.42 0.12 0.13 0.12 0.17 0.65 0.61 0.24 0.23 
111-2 4.23 3.33 0.17 0.20 0.14 0.18 0.53 0.48 0.20 0.19 
002-3 6.68 5.12 0.14 0.17 0.19 0.15 0.93 0.79 0.36 0.31 
004-3 4.65 3.97 0.20 0.27 0.19 0.23 0.70 0.54 0.28 0.23 
006-3 5.67 3.91 0.23 0.21 0.23 0.18 0.54 0.49 0.22 0.20 
009-3 1.43 1.77 0.28 0.30 0.21 0.22 0.56 0.62 0.24 0.26 
011-3 6.63 5.93 0.14 0.12 0.13 0.10 0.64 0.62 0.24 0.23 
014-3 4.15 4.55 0.17 0.15 0.11 0.12 0.56 0.53 0.21 0.20 
023-3 7.37 4.66 0.33 0.26 0.13 0.11 0.72 0.63 0.30 0.25 
027-3 8.07 5.73 0.20 0.20 0.15 0.17 0.67 0.62 0.26 0.24 
028-3 5.46 4.94 0.11 0.21 0.09 0.11 0.79 0.79 0.28 0.31 
030-3 3.68 3.66 0.19 0.19 0.12 0.15 0.69 0.57 0.27 0.22 
031-3 6.35 5.35 0.12 0.12 0.10 0.11 0.92 0.82 0.34 0.30 
032-3 6.58 5.07 0.15 0.15 0.07 0.10 0.82 0.73 0.30 0.27 
034-3 9.44 7.74 0.51 0.20 0.12 0.14 0.76 0.68 0.33 0.27 
035-3 5.61 5.32 0.15 0.20 0.13 0.17 0.61 0.49 0.23 0.20 
040-3 5.12 5.50 0.22 0.24 0.18 0.25 0.45 0.41 0.18 0.17 
042-3 6.00 6.52 0.10 0.12 0.07 0.07 1.03 1.11 0.36 0.40 
047-3 12.40 6.58 0.11 0.15 0.08 0.13 0.76 0.80 0.27 0.30 
051-3 6.81 5.69 0.30 0.30 0.18 0.28 0.42 0.36 0.18 0.16 
054-3 6.44 6.61 0.10 0.10 0.05 0.07 0.82 0.73 0.28 0.26 
066-3 6.53 5.45 0.20 0.20 0.15 0.17 0.67 0.62 0.26 0.24 
069-3 9.74 6.76 0.16 0.17 0.16 0.18 0.59 0.59 0.23 0.23 
071-3 7.49 7.58 0.18 0.19 0.12 0.16 0.66 0.63 0.25 0.25 
073-3 11.69 6.02 0.21 0.19 0.16 0.13 0.53 0.52 0.21 0.20 
077-3 8.25 6.36 0.18 0.16 0.15 0.15 0.59 0.48 0.23 0.19 
079-3 3.93 3.57 0.16 0.14 0.11 0.11 0.70 0.62 0.26 0.23 
098-3 5.09 4.65 0.21 0.28 0.22 0.24 0.49 0.41 0.20 0.18 
100-3 4.37 3.29 0.30 0.30 0.26 0.29 0.43 0.39 0.18 0.17 
101-3 6.36 5.04 0.11 0.13 0.09 0.11 0.81 0.66 0.29 0.25 
104-3 7.87 7.88 0.17 0.20 0.10 0.12 0.83 0.99 0.31 0.39 
106-3 6.32 5.15 0.16 0.17 0.14 0.13 0.80 0.68 0.31 0.26 
108-3 3.25 3.24 0.22 0.24 0.17 0.24 0.59 0.52 0.24 0.22 
110-3 5.71 4.25 0.27 0.25 0.21 0.20 0.47 0.46 0.20 0.19 
112-3 2.25 1.42 1.18 0.77 1.57 1.53 0.45 0.45 0.28 0.26 
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